This outstanding work provides a smooth blend of theory 
and practice with emphasis on principles rather than 
facts, and on thinking rather than memorizing. It is a 
true teaching text that treats thoroughly all the impor- 
tant classes of organic compounds. 


+ ‘by cee Every major field of organic chemistry is covered. New 
material includes some use of the molecular orbital 
JAMES ENGLISH, Jr. theory, a new chapter on heterocycle chemistry, and 
several new sections giving pertinent historical informa- 

YALE UNIVERSITY : tion. The consistent use of curved arrows to aid visuali- 
a ae Zl zation of the courses of reactions has been introduced.. 
The book forms a balanced and complete ihtroduction 
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Now you can utilize H2S 
without its stench or 
hazards, for all analytical 
sulphide precipitations. 


Intensive research has yielded the new chemical reagent, Sulfi- 
Down, which derives its name from the function of “bringing down” 
sulfide precipitates. It is usable wherever hydrogen sulfide is 


indicated. 


Sulfi-Down is especially stabilized 
and controlled thioacetamide .. . 


The vital distinction between 
Sulfi-Down and raw thioacetamide 
is specially controlled stabilization, 
to prevent hydrolysis of the aqueous 
solution, which cannot occur until 
heat is deliberately applied. No 
other sulfide precipitating reagent 
has the stabilized character of Sulfi- 
Down. 


Cost and Safety Advantages 


Experience with Sulfi-Down (spe- 
cially stabilized thioacetamide) has 
shown that it is decidedly more eco- 
nomical to use than hydrogen sulfide, 
because only a slight excess of Sulfi- 
Down is required. And since Sulfi- 
Down generates hydrogen sulfide in 
situ where it is immediately con- 
sumed, little if any hydrogen sulfide 
escapes into the laboratory. 


Analytical advantages 

Usually employed in 5% (by weight) 
aqueous solution. While stable at 
room temperature the solution begins 
to form H,S at 80 deg. C. Hydrolysis 
occurs in either acidic or basic media. 
Sulfide precipitation takes 5 to 10 
minutes. Where hydrogen sulfide in 
many cases leads to colloidal systems 
at low metal ion concentrations, 
Sulfi-Down brings down a precipitate 
which can be filtered or centri- 
fuged. 

The ability of thioacetamide to 
precipitate sulfides quantitatively, in 
separable form, has made it suitable 
not only for macro and semimicro 
qualitative analysis, but also for 
microanalytical work. 


PRICE—PER 100 GRAM BOTTLE....$15.00 


Since 


daigger & co. 


DANGEROUS 


Hydrogen Sulfide 


has been disarmed 


© POISONOUS 
TOXIC 


SULFI-DOWN is.. 


SAFE 


STABLE IN SOLUTION 
NON-INFLAMMABLE 
ONE YEAR SHELF LIFE 
NON-CORROSIVE 
ECONOMICAL 
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Presenting The New SCHAAR Catalog for 
CHROMATOGRAPHY and PAPER ELECTROPHORESIS 


= Keeping pace with the growing use of 
er chromatographic analysis as an impor- 
om tant research tool, Schaar and Company 
is ready to serve you with a complete 
range of the finest equipment and acces- 
sories used in the chromatographic 
method. We are proud to present this 
catalog to you, and feel sure it will 
prove an invaluable aid. 


FOR YOUR COPY WRITE FOR CATALOG AC-54 


PHOTOELECTRIC 
DENSITOMETER 


CELLULOSE POWDERS 

¢ STAINLESS STEEL CLIPS 

« DISC CHAMBERS 

FILTER PAPERS 

“PYREX” JARS 

* ULTRA-VIOLET LAMPS 

ULTRA-MICRO PIPETTES 

* SOLVENT ASSEMBLIES 

* INDICATOR SPRAY BOTTLE COMPLETE CHROMATOGRAPHY 
SET-UPS 

SUPPORT RACKS 

¢ CHROMATOGRAPHIC TUBES 


CHROMATOGRAPHY 
DRYING 


CHROMATOGRAPHIC 
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*3-1 


3-2 
3-3 


3-4 


*3-11 


3. HYDROGEN’ 


A. HISTORICAL 


Granular Zn, dil. H,SO,, test tube. HgO in 
test tube, burner, splint. H, + O, bottle, see 
1-7. Repeat classical experiments, recalling 
(a) Cavendish in 1781 announced preparation 
of hydrogen from acid + metal; (b) Priestley 
in 1774 prepared oxygen from HgO, (c) 
Cavendish discovered that H. + O, gives 
water. Drop acid on Zn, and H, off, ignites 
with a pop. Heat HgO, test with glowing 
splint. Explode H, + O, in bottle, See 1-7. 


B. PREPARATION OF HYDROGEN 


Exhibit: EMF series of metals. 


Metal + cold water. Na, K, forceps, knife, 
10 cm. crystallizing dish of water, filter paper. 
CARE. See 1-3. 


Metal + steam. Mg ribbon, 500 ml. Erlen- 
meyer flask of water over burner, forceps. 
Show burning match goes out when lowered 
into steam. Then lower burning Mg into 
= continues burning, H. and MgO 
‘orms. 


Piles of Fe, FeO, FeO; and Fe;O,; magnet. 
Exhibit oxides and discuss reversible reac- 
tion of iron + steam. 


Metal + acid. Mossy zine, Mg ribbon, dil. 
HCl, 2 test tubes. Generate hydrogen, 
ignites with pop at mouth of tube. 


Metal + hydroxide. Granular Al, NaOH- 
aq., test tube, burner. Show hydrogen 
generated. 

Electrolysis. See 1-4. 


Water gas. A 500 ml. Erlenmeyer flask 
generating steam, passed through a hori- 
zontal 15 mm. tubing of charcoal heated 
very hot with wing-tip burner; exit a capil- 
lary tubing. Ignite water-gas (CO + H,) 
which is generated. 


C. PHYSICAL PROPERTIES OF HYDROGEN 
3-10 Light-weight. 


Rubber balloon filled with 
H. and tethered to lecture desk. Soapy 
water, H, tank, burner. Wooden box 28.2 X 
28.2 X 28.2 cms. labelled 1 GRAM MOLEC- 
ULAR VOLUME—22.4 liters—22,400 ml.— 
6.023 X 107% molecules at STP. Discuss 
volume of 1 gram mole of gas at STP, rela- 
tive densities of O., air. Show H, 
balloon rising. Blow soap bubbles of hy- 
drogen; ignite them as they rise in the air. 


Diffusion. See Figures. Porous clay cup 
leading to a 12 mm. U-tube of Hg; contact 
wires leading to bell and battery. Another 
porous cup leading into a 2-neck Wolff 
bottle half-full of water, the other neck 
having a 6 mm. tubing with nozzle. Three 
1-liter beakers, H, tank. Run H, from tank 
into inverted beaker No. 1. Then fill beaker 


Tested Demonstrations in General Chemistry t 


*3-12 Absorption. Thin Pt wire, burner. 


Figure 3—11 


No. 2 by pouring the H, upwards from 
beaker No. 1 into No. 2. Then place in- 
verted beakers of H, over porous cups. Bell 
rings. Fountain. Explain how action ex- 
emplifies Graham’s law of diffusion. —_ 


wire over unlighted burner. Issuing gas 
is adsorbed, and heat of reaction ignites it. 


D. CHEMICAL REACTIONS OF HYDROGEN 
3-13 Soapy water in 30 cm. mortar, two 3-ft. 


lengths of rubber tubing, H, tank, O, tank, 
special Bunsen burner with 2 ft.-long barrel. 
Form a mixture of bubbles of H, and O, in 


Turn the page for additional demonstrations 


3-1 
3-5 


3-9 


3-11 


3-12 


Labels for Topic 3. 


kits.) 


* Footnotes 


The date on which Priestly performed this experiment 
was August 1, 1774; but he did not publish until 1775. 
An elaborate experiment may be carried out at this 
point. From a 500 ml. flask generate steam, and pass 
over very hot iron heated, with a wing-tip burner, in a 
horizontal 15 mm. tubing, with a capillary exit tubing. 
Ignite hydrogen H: as it emerges from the capillary. 
Too much steam will extinguish the H_-flame. 

This is a difficult experiment and does not work easily ; 
the carbon must be very hot, ind if steam issues along 
with the water gas, there will be no flame. Better 
describe without carrying out. 

This experiment is dramatic and should be per- 
formed. However, unless the details of the apparatus 
are carefully explained, the student will miss the entire 
operation, and what is being proved; so spend at least 
10 minutes in explanation. 

If the local gas does not contain sufficient hydrogen 
this may not work. Heating the Pt-wire a bit helps. 
Or a heated Pt wire or spiral may be held over metha- 
nol; the Pt will heat up and ignite the methanol as it is 
adsorbed by the Pt, and the analogy drawn with the 
adsorption of He. 


(For code, see instructions for assembling 


3-l-w-granular Zn, 3-1-N-H:SQ, aq., 3-1-w-HgO, 


3-1-J-splints, 3-4-w-Mg ribbon, 3-5-J-tubes of Fe, FeO, 
Fe,0;, Fe;0., and a magnet; 3-6-w-mossy Zn, 3-6-w-Mg 


ribbon, 


3-6-N-HCl aq, 3-7-w-granular Al, 3-7-N-NaOH aq., 


3-9-J-lump charcoal, 3-10-J-rubber balloons, 
water +5% glycerine, 3-11-N-Hg, 3-12-w-Pt wire, 3-12-N- 
methyl] alcohol, 3-13-N-soapy water +5% glycerine, 3-18-J- 


NaCl. 


t By Hubert N. Alyea, Frick Chemical Laboratory, Princeton, New Jersey. March, 1955 
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soapy water. Ignite bubbles: CARE, vio- 
lent explosion. Bubbles can be picked up 
and ignited in palm of hand. ° 


3-14 Rubber balloon of H, from 3-10. Special 
burner with long barrel. Moving picture of 
the von Hindenberg explosion. Castle Films 
#829. Darken room; ignite balloon, and at 
the instant of flash turn on the movie of the 
von Hindenberg explosion. 


3-15 With chlorine. One-liter glass cylinder of 

Cl, tank of H, leading to a rubber tubing 

and 30 cm. long capillary tubing (be sure to 

use capillary tubing for safety). Ignite the 
; H, as it issues from tank, lower burning into 
Cl,., and HCl forms. Combustion without 
oxygen. Blow out flame, do not turn off H:. 


A 


Next month’s Tested Demonstrations in General Chemistry 
2 4. WATER, ACIDS, BASES, SALTS 


3-16 Hydrogenation. Exhibit. Some hydrogen- 
ation products such as Crisco, cottonseed 
oil, gasoline, methy! alcohol. 


E. SPECIAL VARIETIES OF HYDROGEN (ATOMS, 
ISOTOPES) 


3-17 Exhibit: H-atom gun (H + H — Hp + 
104,000 calories). 


3-18_ Small sealed tube of ordinary One the 
same size of D.O. Salt-in-ice freezing mix- 
ture. Freeze contents of both tubes. Place 
on table side-by-side. The H,O will melt 
first. (F.P. of H.O = O°C.; of D.O = 
3.82°C). 
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Provides a Simple and Remarkable Technique 
for Quantitative Micro-Analysis in 


PAPER CHROMATOGRAPHY 
The Welch TRANSMISSION DENSITOMETER 


combines the DENSICHRON with Transmission Light Source 


High Sensitivity and Stability 


No. 3835B Patent No. 2424933 


TRANSMISSION LIGHT SOURCE UNIT. This is an enclosed DENSICHRON WITH BLUE OR RED PROBE. This consists 


light source powered by a constant-voltage transformer and 
equipped with a hinged arm for supporting the Densichron probe. 
The plate or film to be observed is placed over the aperture and 


of the amplifier with logarithmic-scale meter, blue or red sensi- 
tive probe, metal probe support, five different measuring aper- 
tures, a cone with Ye-inch aperture, and a set of instructions. The 


the probe is lowered into position for a reading. Suitable 
controls are provided. It operates on 115 volts, 60 cycles A.C. 


amplifier operates on 115 volts, 60-cycle A.C., only, except on 
special order. 


It has been found that, because of the differential migration of the solutes through filter paper the maximum 
color density of the paper is proportional to the concentration of material. The “no drift” feature and the high 
sensitivity of the Densichron provide measurements of excellent repeatability with accuracies having high statistical 
significance. It has been successfully used for animo acids, sugars, vitamins, steroids, hormones, drugs, and an 


endless variety of both organic and inorganic compounds. 
Write for literature describing the production of papergrams and the use of the Densichron for quantitative 
determination by the maximum density method. 


No. 3835B Complete $425.00 
W. M. WELCH SCIENTIFIC COMPANY 


DIVISION. OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880 


1515 Sedgwick Street, Dept. D., Chicago 10, Illinois, U. S. A. 


Manufacturers of Scientific Instruments and Laboratory Apparatus 
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Editors Outlook 


Trovste often throws together strange partners— 
even such strange ones as chemists and “‘educationists.”’ 
These two groups have too often been critical of each 
other, but circumstances may perhaps bring them to 
cooperate. 

The pressing demand for science teachers, especially 
at the secondary level, is much too urgent a problem for 
us to be wasting time in trying to point out each others’ 
shortcomings. The urgency of this problem for the 
chemical industry and the economic welfare of the 
country, to assure the supply of trained personnel nec- 
essary in the immediate and distant future, has been well 
emphasized. It is therefore of vital concern to chem- 
ists, and they know it. But chemists are not really 
the ones in the best position to attack it. We would 
look to the educationists for action, since they are 
responsible for the training of teachers in general. But 
they are accused by the chemists—perhaps rightly— 
of underestimating the critical importance of the 
situation, and are certainly not likely to solve the 
difficulty without help from other groups concerned. 

So it is time for us all to combine forces. On the one 
hand, the educationists should better recognize the part 
that the subject-matter fields can play in the training 
of teachers. We need inspired teachers of science, 


who can in turn inspire young people to pursue science 
professionally. But how can a teacher be really in- 
spired by a mere elementary background in the subject 
he teaches? In such a case his teaching is bound to be 
perfunctory. To avoid this, we must make certain 
that the undergraduate training of the prospective 
teacher—in chemistry, for instance—is not repetitive 
drudgery leading to mere technological skill. 

On the other hand, chemists must realize that, im- 
portant as science education is, there are also many 
other educational problems with which this must be in- 
tegrated. We must learn to appreciate these and try 
to get a sense of perspective. 

The report on the training of science teachers, from 
the Conference held last summer at Kenyon College, 
had something to say about this. Particularly, it urged 
that chemists take a more prominent part in all educa- 
tional discussions, and that we make sure that scientists 
are represented on agencies and groups having any- 
thing to do with school curricula or the certification of 
teachers. It may well be that if we are losing ground 
it is because we are not getting ourselves to the right 
places at the right times. Decisions are being made and 
those of us who are concerned must seg that they are not 
allowed to go by default. 
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LANGUAGE ABILITY 


Tue chemist of today is a specialist. He pours liquids, 
transfers solids, and makes measurements with instru- 
ments furnished by zealous dealers. He is so busy with 
these operations that he begrudges the time required 
to read or write. Other specialistsishould do such work, 
he insists. As for the acquisition of skill in reading 
foreign languages—nonsense! At least eighty per cent 
of the chemical literature is in English. The rest, 
even the great handbooks, can safely be ignored. Be- 
sides, does not Chemical Abstracts meet the need? 

Thus argue too many of my own students when asked 
to translate into good idiomatic English a simple passage 
in Beilstein’s “Handbuch.” Many graduates admit 
that they have sixteen to eighteen hours of credit in 
German, and yet even with a good dictionary they must 
spend too much time preparing a literal translation 
that may not even make sense when finished. 

Why this situation? I do not believe it is the fault 
of the language teachers; it is the attitude of our times. 
Narrow specialization is everywhere. Students, there- 
fore, will not make the effort to acquire a good foun- 
dation. They are satisfied with a few hours of credit 
here and there for having suffered exposure to required, 
broadening courses that some college faculty has placed 
as hurdles to ‘“‘research”—magical word, synonym for 
long hours of tedious hard work. 

Research, to me, is of two kinds: laboratory and 
library. Laboratory work can be repetition of ex- 
periments to acquire or improve skill, or it can be actual 
research. Only knowledge of the literature can decide 
whether the work at hand is actually research or merely 
repetition of what someone else has already done 
better owing to greater experience. One thing is true. 
Anyone active in a laboratory is busy—is doing some- 
thing, even though it may only be washing dishes. 
On the other hand, library research may appear to be 
nothing more than sitting in an easy chair and looking 
at a book—resting, if you please. Nevertheless, good 
library work often eliminates wasted effort and expense 
in the laboratory. To be sure, a fine idea is worth some 
test tube and beaker examination, but it is wise to de- 
termine the state of the art before investing too much 
time, material, and apparatus in experimentation. 

The chief obstacle to a literature search is, of course, 
the foreign language. Many people have advocated a 
global language. As yet, little progress has been made 
in the extensive use of any one of those suggested. 
It is fairly certain that an English version of the major 
reference compendia like Beilstein, Grignard, Gmelin, 
and Abderhalden will not be made in the near future. 
Thus, one who desires to examine the records faces 
several alternatives. Among them are to ignore any- 


BYRON A. SOULE 
University of Michigan, Ann Arbor, Michigan 


thing in a foreign language, to get what is possible from 
an abstract in English, to obtain a translation, or to 
acquire a reading knowledge of the languages of major 
publications in the field of specialization. German 
would probably come first for the chemist because the 
Germans have been the great compilers; then, not 
necessarily in order, French, Italian, Russian, Spanish, 
and others as need dictates. 

The first alternative—ignore everything not in Eng- 
lish—could be dangerous if not disastrous. An incident 
comes to mind that will illustrate this point. 

Some years ago a well known company was called 
into court for infringement of a certain patent. The 
defense attorneys believed that their best move was 
to attack the patent on the basis of validity—the old 
standby that there is nothing new under the sun. Be- 
tween 10 and 20 thousand dollars was spent on an 
extensive search of the literature without any evidence 
of priority being found. Spring came and the case 
was adjourned until fall. The two young men most 
active in the search were exhausted and prepared to 
give up when one morning they were called into the 
director’s office. Both expected to be discharged as 
failures, but instead were presented with a summer 
vacation in Europe at the company’s expense. 

Weeks later, while wandering through one of the 
larger libraries of Vienna, they saw the proceedings of 
some minor Austrian academy of science unknown to 
either of them. Idly turning the pages of two or three 
volumes they came to the after-dinner speech of a 
guest professor whose name was vaguely familiar from 
their previous work. Extemporaneous after-dinner 
speeches of German professors are likely to be difficult 
for foreigners to translate, but in this case the two 
tourists, quickly scanning the article, could hardly 
believe their eyes when they saw that it contained 
a full and complete description of the process covered 
by the patent they had been striving to prove invalid, 
and antedating it by several years. 

Their vacation was over! They secured copies of 
the speech and returned to the United States at once. 
When the federal court convened a month or two later 
and their company was called to defend itself, the 
evidence they had found was adequate to obtain a 
decision of “not guilty.” Since the case involved well 
over a million dollars and the very life of the company, 
the cost of the two European tours was a low price to 
pay for the victory. Yet the triumph might have been 
on the other side had the travelers been unable to read 
the German text. 

The second alternative—to depend entirely on the 
information in an English abstract—is not to be com- 
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mended. An abstract is primarily a guide to the 
original literature. If the investigator cannot read the 
language of the original text this purpose is defeated. 
Furthermore, only a very inexperienced person assumes 
that a ten-line abstract contains everything in a ten- 
page article. Should the abstract be used as intended 
any apparently pertinent paper may be referred to a 
translator for preparation of a complete English version. 

If we can assume that the translator knows English, 
the special subject, and the foreign language, other 
considerations must not be overlooked. Words are 
used to record and convey ideas. The idea suggested 
by any word or group of words depends directly on the 
background of the reader. No two people have the 
same background; consequently the idea conveyed will 
differ from person to person. So a translator is bound 
to select words that to him express the meaning of the 
foreign language. Here the problem of synonyms enters 
in two ways. The original author chose words that, 
to him, best conveyed his intended meaning. The 
translator, familiar with the finer shades of meanings in 
both languages, is bound to be influenced by his own 
background when translating. The reader of the 
translation, not versed in the original language, must 
depend on the choice of the translator and may there- 
fore miss the exact meaning of the author. 

There are in every language words and phrases that 
defy direct translation. How would you express our 
omnibus word “gimmick” in German, French, or 
Italian? Perhaps a better example would be the 
expression “if the coat fits put it on.” Suffixes often 
present a problem. The German kunde in Waren- 
kunde is a case in point. The one Mexican word ejidos 
requires eight English words to express its meaning. 
Ejidos are “communal farms worked by peasants under 
government supervision.” 

But, you may say, these are problems for the trans- 
lator, not the reader. My point is that if the trans- 
lator and reader are the same person he may be able to 
comprehend the idea without consciously trying to 
translate from one language to another. Take the 
English idea of a group, or several sheep, cattle, fish, 
mountains, and lakes, for example. The words asso- 
ciated with them to indicate a group are flock, herd, 
school, range, and chain, respectively. 

There are undoubtedly other and better examples. 
One frequently used in my own classes is “a place in 
which to live.” Students will quickly list from 20 to 
30 English words from “‘abode’”’ to “tepee.’”’ All have 
the same basic meaning yet each carries a special 
significance. 

Incidentally, it is here that the new IBM-701 trans- 
lating machine probably will be least satisfactory. I 
have not seen the machine in operation so am in a po- 
sition to base my comments only on the press releases. 
When setting up the machine someone must select the 
equivalents. That person will, of course, take each 
ord and give the generally accepted translation of the 
basic meaning, but will he be able to include the syno- 
nyms covering the shades of meanings? Remember, 
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Mark Twain once said that one needs only two words 
for a good command of German. They are Schlag 
and Zug. Almost any dictionary will give a wide 
variety of English equivalents. The task of selecting 
the right one for a particular context is sometimes 
difficult. Some years ago Gustav Egloff was heard 
to say at an A. C. S. meeting that the Universal Oil 
Products Company’s big patent suit regarding ‘‘thermal 
cracking” involved one hundred million dollars, and 
that the court’s decision hinged on the translation of 
one word from Russian into English. 

Another difficulty faced by machine translators is 
that of idioms. How well I remember the long lists 
of German idioms distributed by my teacher in second- 
year high-school German. The first one was “Wenn 
man vom Wolfe spricht ist er nicht weit.’”’ The 
teacher, a very grave person, translated it, “Speak of 
angels and you hear the flutter of their wings.””’ We 
students quickly adopted a slightly different version. 

In Spanish there are many situations where the con- 
text determines the meaning of a particular word or 
phrase, e. g., one and the same expression may mean 
a watch pocket or a pocket watch, quite different 
things in English. 

Unquestionably the electronic brains are wonderful 
machines. In time they may be able to surmount the 
hurdles that now appear so high. My purpose in 
dwelling on this point is not to discourage the IBM 
corporation, but to emphasize the need for a knowledge 
of foreign languages by the students of today who, 
in my own field of analytical chemistry, are content 
to shrug their shoulders and say, “Why learn about 
that? We’ll soon have machines to do it.” The 
time of their need is now, not some distant tomorrow. 

My fourth and last point—to acquire a reading 
knowledge of the languages of major publication in the 
field of specialization—is not as difficult as some of our 
students would like us to believe. Naturally they will 
dodge any work not definitely required. This is one 
result of their early training according to the tenets of 
modern education. Being the product of an older 
school, I firmly believe in the value of mental discipline. 
Our minds are capable of doing far more than most of 
us demand. Call it inertia or just,downright laziness, 
we tend to avoid thinking as much as possible. Per- 
haps this is too harsh. One of my students said re- 
cently, ‘Why bestir myself? The income tax throttles 
ambition and social security makes work unnecessary.” 
Whether right or wrong he neatly expressed one of 
today’s important social problems. I maintain, how- 
ever, that anyone who would advance the frontier of 
our knowledge should not be hampered by a one- 
language outlook. Set aside the old arguments like 
“Latin improves the use of English’; there still re- 
mains the fundamental fact that if one is to understand 
the other fellow there must be memory and a means of 
communication; an acquaintance with his mode of 
expressing himself. If it were possible to meet him and 
witness a demonstration of his work it might be easier 
to understand his thoughts and ideas. In most cases 
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this way is impracticable. The only means of getting 
as near to an original idea as possible is to go directly 
to the original article. If not at hand, a copy may be 
obtained quickly by one of the methods for reproduction 
available to all. The only necessary additional step, 
therefore, is to learn to read the language of publication. 

So let me sum up the foregoing: A valid claim to 
advancement in chemistry must be supported by a 
knowledge of what has already been accomplished. 
Few investigators have predecessors available for oral 
discussion so most of us must rely on printed reports. 
Many of these have appeared in foreign languages. 
Since they have been published they represent an 
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effective bar to any later claim for priority. No 
scientist can maintain that everything can be found 
in his own tongue; so, lacking language ability, he may 
save time by getting someone else to search the liter- 
ature and trusting a translator to use the appropriate 
synonyms. No one else, however, is so intimately 
acquainted with his individual problems as to be able 
to gain the ideas implied by the original record. There 
must be a meeting of minds which is difficult if 
attempted through an intermediary, especially an 
unknown intermediary. It is necessary, therefore, 
to acquire the ability to handle the essential foreign 
languages adequately. 


TECHNICAL ABBREVIATIONS AND 


CONTRACTIONS IN ENGLISH’ 


New abbreviations are being created at such a rate 
that dictionaries containing them become outdated 
by the time they reach print. To complicate matters 
further, writers in scientific and other, particularly 
technical, fields may invent their own abbreviations, 
at times giving no clue to their meanings. 

This tendency to use abbreviations for everything 
from society names to chemical compounds and proc- 
esses poses a problem for the reader. 

The attached bibliography is a compilation of dic- 
tionaries and source material that will be helpful to 
those having difficulties in untangling technical abbre- 
viations. However, at times an abbreviation cannot 
be found in any available reference book, and the 
reader must use his ingenuity. His only recourse is 
often that of entering the mental processes involved 
in the creation of the abbreviation. 

To do this an adequate familiarity with the subject 
matter must be supplemented by an understanding of 
how abbreviations are set up. Common usage rather 
than fixed rules is involved—not that the random 
abbreviator consciously follows such usage! How- 
ever, since the usual abbreviation methods are the 
outgrowth of natural mental processes, the impromptu 
abbreviator is likely to follow the same or similar 
lines of reasoning subconsciously. 

In English abbreviations are usually formed in the 
following ways: 

1 Presented before the Division of Chemical Literature at the 
125th Meeting of the American Chemical Society, Kansas City, 
Mo., March, 1954. 


CHARLOTTE SCHALER 
Sinclair Refining Company, New York, N. Y. 


(1) By using the first letter of a word or the first 
letter of each of a series of words. For example; m. 
for meter; p. for pressure; r. p. m. for revolutions 
per minute; NSC for National Security Council; 
LF for low frequency; f. p. for freezing point; N for 
normal. 

(2) By cutting a word or words to the single first 
letter of the more important syllables. For example, 
PVA for polyvinyl alcohol; kv. for kilovolt; BHC 
for benzene hexachloride; dl. for deciliter; TEL for 
tetraethy] lead. 

(3) By employing only the first letter of the first 
word of a series of words. (This method is poor, as 
several other meanings may often be assigned to such 
abbreviations, but it is used.) For example, A for 
atomic weight; D for diffusion coefficient; G for 
Gibbs function; / for latent heat per gram. 

(4) By listing two, three, or more of the first letters 
of a word or the first one or two syllables of a word 
or the first syllables of a series of words. For example 
tert but alc for tertiary butyl alcohol; crit. for critical; 
sq. in. for square inch; anhyd. for anhydrous; cres. 
for cresylic; comp. for complete, compilation, compare, 
complex, etc.; ar for aryl. 

(5) By combining the first one or two syllables 
with the last letter of the word. For example, soly. 
for solubility; satin. for saturation; evapd. for evap- 
orated; evapn. for evaporation; manufg. for manu- 
facturing; dissocn. for dissociation; crystn. for crys- 
tallization; alky. for alkalinity. 

(6) By using all or some of the consonants only, 
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omitting all the vowels. For example, fxd. for fixed; 
Igr. for ligroin; rhbdr. for rhombohedral; blksh. for 
blackish; Ptfor platinum; Zn for zinc; Bz for benzoyl; 
ppt. for precipitate. 

(7) By combining the first consonant letter of a 
word with a vowel not exactly next to it or even in 
another syllable, or by combining the first vowel 
letter with a consonant appearing later in the word. 
Yor example, Pu for plutonium; ha. for hectare; As 
for arsenic; 7’u for thulium; Re for rhenium; Zt for 
eka-tantalum. 

(8) By using the first and last letters of a word. 
For example, Bé. for Baumé; wt. for weight; Vm 
‘or Virginium; gt. for quart; fn. for fusion; do. for 
ditto; Jn for thoron. 

(9) By linking letter abbreviation, sometimes 
with number designation, to part of a chemical for- 
mula. For example, MeOH for methyl alcohol; 
PrCl for propyl chloride; Et,O for ethyl ether; CyHe 
derivs. for benzene derivatives; C%-19 ales. for alcohols 
containing from 4 to 10 carbon atoms; C0O,-0.-H, 
gas aim. for a carbon-dioxide-oxygen-hydrogen gas 
atmosphere; AcOH for acetic acid; HgCl, addn. 
compd. for mercuric chloride addition compound. 

(10) By combining letters with mathematical 
designations. For example, hm.* for cubic hectometer; 
Ni»... for number of atoms or nuclei; AT for tem- 
perature difference; pH>9 for the logarithm of the 
reciprocal of the hydrogen ion concentration greater 
than 9; Cis polym. for a polymer with 18 carbon atoms 
in the chain. 

(11) By substituting the abbreviation of a Latin 
or other foreign equivalent. For example, ad. lib. 
(ad libitum) for at one’s pleasure; ibid. (ibidem) 
for in the same place; sc. (scilicet) for namely; seg. 
or sg. (sequens, sequentia) for the following; con. 
(contra) for against; Jb. (libra) for pound; Na (Natrium) 
for sodium; ka. (Kathode) for cathode; W (Wolfram) 
for tungsten. 

(12) By miscellaneous methods, including the 
combination of symbols with letters and combination 
of any of the above methods with each other. For 
example, H,,,.. for maximum heat; cwét. for hundred- 
weight; mol. wit. for molecular weight; my for mil- 
limicrogram; n%% for refractive index at 20° and 
sodium light; vol. % for per cent by volume; T°C. 
for temperature in degrees Centigrade. 

Plural forms of abbreviations are often identical 
with the singular, as ft. for foot and feet, g. for gram 
and grams, bu. for bushel and bushels. Most fre- 
quently an s is added to form the plural, as temps. 
for temperatures, alcs. for alcohols, expts. for experi- 
ments. The impromptu abbreviator uses one of 


these two methods to form the plural, and is most 
unlikely to use a third, sometimes employed for stand- 
ard abbreviations, namely that of doubling the first 
letter of the singular form, as pp. for pages, ll. for lines, 
q. for quartos. 

While an occasional abbreviation seems to violate 
usage, or to fit no rules, generally an explanation can 
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be found. For example, bbl. should be the plural of 
bl., yet the singular for barrel is most frequently writ- 
ten as bbl. also. However, there is an abbreviation 
bl., found especially in older dictionaries; it even has 
another plural, listed as bls. Evidently the fact that 
material quoted in barrels was sold in larger amounts 
caused bl. to drop from use, as one barrel was seldom 
listed. Then bbl. was expanded to include the sin- 
gular. 

Some abbreviations use letters other than those 
in the word abbreviated, but here too the rules are 
not cast aside. For instance Xmas for Christmas 
results from combining the first letter of the Greek 
word for Christ, XPIZTOZ, with the last syllable of 
Christmas. Mostly, foreign origin of part of the word 
or the use of a mathematical concept is at the root 
of seeming incongruities. For example, Z may be 
used to designate atomic number. This is simply 
because in mathematics X, Y, and Z are used for 
variables. 

When an abbreviation cannot be found in any avail- 
able dictionaries, the reader should seek the solution 
in the text itself. If the author does not actually 
state the meaning of an abbreviation, the sense of the 
material must provide the answer. A knowledge of 
abbreviation methods will greatly aid the reader in 
arriving at the correct solution. 

As in most paths, there are pitfalls. Some trade 
or proprietary names may mislead the reader into 
taking them for true abbreviations, at least momen- 
tarily. MET might start one on a fruitless search 
for a suitable chemical to fit the letters; it is a trade 
name for an alkaline detergent made by the Buckeye 
Soda Co. HF may not stand for hydrofluoric acid; 
it can also stand for the lowest cobalt-tungsten car- 
bide of a line of sintered carbides, termed Firthite, 
named after the manufacturer. DH has nothing to 
do with deuterium and hydrogen; it is a photographic 
emulsion, a du Pont product. Amphyl is the trade- 
mark for a germicide, put out by Fritzsche Bros. 
A study of the context, common sense, and a lively 
imagination prevent slips in such cases. 

Sometimes it is necessary to understand the vo- 
cabulary of a special field to decdde certain abbre- 
viations. For example, in paint technology KU stands 
for Krebs unit, a measure of consistency. Unless the 
reader knows of this measure he cannot discover what 
K stands for, though he wil] know he is dealing with 
units of some sort. Those familiar with stream pol- 
lution and waste disposal will know that BOD stands 
for the biochemical oxygen demand test. If one is 
unfamiliar with the field to which a puzzling abbre- 
viation belongs, perusal of textbooks or articles on 
the subject frequently provides the necessary clue. 

In conclusion, there must be a reminder that the 
same group of letters may stand for several things. 
For example, v. may mean volume, vapor, velocity, 
etc.; h. may signify hexa, hepta, height, head, hori- 
zontal; K. may stand for kilometers, Kelvin, karat, 
potassium, centuple calorie. Even A. C. S. refers 
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not only to the American Chemical Society but also 
to the American College of Surgeons. Sifting the 
sense of the content points the meaning. 
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JOHANNES DIDERIK VAN DER WAALS 


H. S. van Klooster of Rensselaer Polytechnic Institute provided us with our frontispiece portrait 
of van der Waals to supplement the biographical sketch that appeared in an earlier issue of THIS 
JOURNAL (31, 599 (1954)). The portrait is from Karl Jellinek’s ‘“Lehrbuch der Physikalischen 
Chemie,” and is, Dr. van Klooster feels, a more fitting tribute to ‘the intellectual giant who was 
a worthy contemporary of Gibbs” than was our “‘illegible picture of van der Waals’ tombstone, 
which might be anybody.” 
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LANGUAGES’ 


T uere is no record of the magnitude of the confusion 
of tongues in the land of Shinar on the occasion of 
God’s displeasure with the building of Babel, nor do we 
have any account of the evolutions, transformations, 
and fragmentations of the linguistic bedlam. According 
to one estimate, there are currently in existence over 
6000 languages which are sufficiently different to de- 
mand individual names. Fortunately, as scientists we 
are concerned with only a small fraction of this multi- 
tude. Table 1, compiled from E. J. Crane’s data on the 
coverage of Chemical Abstracts (1), the “List of Periodi- 
cals Abstracted by Chemical Abstracts,” and from a 
study of official languages of countries in which patents 
are granted (2), lists those languages important as 
linguistic vehicles of science. 


TABLE 1 

Principal Languages of Science 
Afrikaans Italian 
Arabic Japanese 
Bulgarian Latin 
Chinese Latvian 
Croatian Lithuanian 
Czech Macedonian 
Danish Norwegian 
Dutch (and Flemish) Polish 
English? Portuguese 
Esperanto Rumanian 
Estonian Russian 
Finnish Serbian 
French Slovak 
German Slovenian 
Greek Spanish 
Hebrew Swedish 
Hungarian Turkish 
Icelandic Ukrainian 
Interlingua White Russian 


@ English is not included in the scheme of identification. 


These 38 channels of communication make up an im- 
posing barrier of language and alphabet. To learn even 
a few of these languages is a formidable task, and, 
furthermore, one that arouses little or no enthusiasm 
among scientists. However, in many of the routine 
literature problems confronting the chemist or those 
serving the chemist, the mere recognition of the lan- 
guage constitutes the first step in the possible processing 
of a document. Thus, it is essential to know at least 
what the language is in order to farm out the transla- 
tion, to evaluate a foreign patent, to decide for ab- 


1 Presented before the Division of Chemical Literature at the 
126th Meeting of the American Chemical Society, New York, 
September, 1954, 


* A PROCEDURE FOR THE IDENTIFICATION OF 


BENN E. CLOUSER and HERMAN SKOLNIK 
Hercules Powder Company, Wilmington, Delaware 


stracting journals and literature reference bulletins 
which abstractor should be sent the article, and to 
satisfy one’s curiosity. It is the purpose of this paper 
to describe a new procedure whereby a nonlinguist can 
identify quickly and accurately any of the 38 lan- 
guages important to chemical research. 


A GROSS SEPARATION OF THE LANGUAGES 


Of the 38 languages listed in Table 1, 27 use the Latin 
alphabet. The remaining languages, which use charac- 
ters other than the Latin, are relatively easy to identify. 
Cyrillic, Chinese, Japanese, Fraktur, Greek, Hebrew, 
and Arabic characters can be identified quite readily by 
comparison with known specimens. Six languages, 
Russian, White Russian, Ukrainian, Macedonian, 
Serbian, and Bulgarian, use the Cyrillic alphabet. Al- 
though these six may be differentiated by recognition of 
special characters, a mistaken identification will not be 
serious. 

Our main problem is the differentiation of the 27 
languages using the Latin alphabet. The problem may 
be solved by the nonlinguist through four readily 
recognizable characteristics: diacritical marks, digraphs 
and trigraphs, high-frequency words, and often-used 
technical words. 

Characteristic Diacritical and Other Marks. With the 
exception of English, Latin, and Interlingua, the lan- 
guages using the Latin alphabet are characterized by 
special diacritical marks. The diacritical mark has been 
employed in each of these languages to signalize sounds 
not inherent in the Latin alphabet and consists of a 
mark added or attached to a letter. Other mechanisms 
for providing for sounds absent from the Latin alphabet 
are the joining of letters together as ligatures and the 
borrowing of characters from other alphabets. In ad- 
dition, accent marks are often used to indicate stress in 
pronunciation. 

These diacritical marks, ligatures, borrowed charac- 
ters, and accent marks are so numerous and varied that 
an identification scheme could almost be based entirely 
on them. However, only a few of these marks are 
characteristic of single languages or used sufficiently 
often in text to permit identification without diligent 
inspection. 

Digraphs and Trigraphs. The use of combinations of 
two or three letters to represent arbitrarily a sound not 
reproducible a priori by the chosen sequence has been 
another important way in which the Latin alphabet 
could be modified sonically. These digraphs and tri- 
graphs as characteristics of certain languages are par- 
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TABLE 2 
Classification of Languages Using Latin Alphabet 


Unknown: Look for 6 


——Yes: Look for i—————— 
Yes No Yes 
Group 1 Group 2 Group 3 

Estonian Danish Croatian 

German Finnish Czech 

Hungarian Icelandic Latvian 

Turkish Norwegi Lithuanian 
Swedis Slovak 

Slovenian 


No: Look for &, §, or z 


—-No: Look for modified ‘‘a’”’ of any kind, e. g., a, 4, ia-— 
Yes: Look for og a 
Yes No No 
Group 4 Group 5 Group 6 
Danish Afrikaans Afrikaans 
Norwegian Dutch Dutch 
French Esperanto 
Italian Interlingua 
Polish Latin 
Portuguese 
Rumanian 
Spanish 


ticularly valuable as a supplementary means of identifi- 
cation. A good example is 7j, a diphthong frequently 
used in Dutch, which definitely identifies a language as 
Dutch when the other choice is Afrikaans, a Dutch 
dialect. 

A word of caution is merited here as the use of letter 
combinations alone to identify languages is somewhat 
risky. To use the above example, the combination 77 
appears also in at least Croatian, Latvian, Lithuanian, 
and Slovenian. In these languages 77 is not a diphthong 
but the vowel z followed by the consonant 7. 

High-frequency Words. In any form of discourse, a 
considerable proportion of the words are the common 
connectives and particles such as and, of, and the. Their 


TABLE 3 
Differentiation of Languages in Group 1 


Language And Of Differentia 


Estonian ja a= 6, 66, and iiii are characteris- 
tic 

German und ~=-s von All nouns are capitalized; 
8 is characteristic 

Hungarian és “= 6 and & are characteristic; 
gy and ny often occur 

Turkish ve g, 1, §, and I are charac- 


teristic 


frequent occurrence, even in titles and other short sam- 
ples, favors their use as a supplementary means of recog- 
nizing a language. 

Unfortunately, these particles are not entirely satis- 
factory as the basis of an identification scheme. In some 
languages, affixes are used to express most of the rela- 
tionships between words. Thus, there is no frequent 
separate word for of in Estonian, Finnish, Hungarian, or 
Turkish. Other languages inflect or replace these par- 
ticles in various uses and reduce the frequency of oc- 
currence of any one recognizable form. Thus, German 
uses der, des, dem, den, das, and die for the. Family rela- 
tionships frequently result in the use of the same 
particle by a group of languages. For example, Czech, 
Croatian, Polish, and Slovak all share the Slavi¢ words 
« and 7 for and. 

The occurrence of single-letter words, many of which 


are these same high-frequency words, is discussed in 
connection with the problem of small samples. These 
single-letter words suffer the same disadvantages as in- 
dicated above for high-frequency words plus the fact 
that some one-letter words occur with different mean- 
ings in many unrelated languages. © 

Technical Words. Inspection for technical words 
which are often used in titles and other short samples of 
language is in the nature of a last resort. In its favor is 
the widespread use of words in an almost international 
form based on Greek and Latin words. This practice 
sometimes provides a clue to the identity of a language 
because of the characteristic way in which the Greek or 
Latin word is changed to fit its new environment. 
There are times when one such word is enough to label 
the sample as of a given language. 

On the debit side is the large amount of information 
required. An extensive vocabulary of the most fre- 
quently used words, such as the words for chemistry, 
reaction, and study, would have to be compiled. The 
number of these words would be swelled by double en- 
tries when a language uses a translated equivalent along 
with a Greek or Latin derivative and by the inflected 
forms of these words which in some languages may ex- 
ceed a dozen. Although the use of technical words as 
an aid to the identification of languages should not be 
neglected entirely, it should be reserved for the samples 
which do not yield to other and ‘easier methods of 
attack. 


TABLE 4 
Differentiation of Languages in Group 2 


Language And Of Differentia 


Danish og af Presence of og and af in the 
absence of the Icelandic 
characters below is charac- 
teristic 

Characterized by long words 
and frequent double letters, 
e. g., A, 66, yy, Il, tt 

D, 3 and bp are characteris- 
4, 6, f, 6, G, and ¥ are 


Finnish 
Icelandic og af 


u 

Presence of both og and av 
is characteristic 

och is characteristic 


Norwegian 
Swedish och av 


og av 
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ig Taman kaavan todistikin amerikkalainen S. Ruben tyétovereineen v. 1941 
oikeaksi, silla kaytettaessa vetti, jonka happi oli isotooppia “O, sisalsi myéskin 
+ vapautuva happikaasu yksinomaan tata samaa isotooppia. MyShemmin on ame- 
7. rikkalainen van Niel osoittanut, etta kaava (2) on vain erikoistapaus yleisreak- 
a tiosta, jossa valon vaikutuksesta vedynantajasta (H-donor) vety siirtyy kloro- 
4 plastien valityksella vety-akseptoriin. Kaavassa (2) vesi siis toimii vedyn donorina 
a ja CO, sen akseptorina. Muina vedyn luovuttajina voivat esiintya esim. 
~ Figure 1. A Specimen of Latin Characters 
= PROCEDURE FOR IDENTIFYING LANGUAGES language sample is to compare it with the seven speci- 
a The first step in the identification of an unknown ens illustrated in the figures. This classifies the sam- 
es | ple as being written in Latin, Cyrillic, Chinese, Japanese 
i Fraktur, Greek, Hebrew, or Arabic characters. If the 
i TABLE 5 unknown is unlike any of these seven, it is unidentifiable 
a Differentiation of Languages in Group 3 by the procedure outlined in this paper. 
aa Language And Of Differentia The Latin Family. As already pointed out, the 
languages using the Latin alphabet, because of their 
ai od and are characteristic number and variety, require a somewhat extensive ex- 
Latvian un ino , &, g, i, k,l, n, rare charac- amination. Thus, the unknown language in the Latin 
family is inspected for special characters in the order 
outlined in Table 2, whieh classifies the languages into 
Slovak S53 od a, 1, l’, 6, f are characteristic SIX groups. 
Slovenian in od No one characters except The languages in each of the six groups are further 
characterized by means of differentia based on high- 
frequency words, digraphs and irigraphs, and in- 
dividual letters. Differentiation of languages in Group 
TABLE 6 1 is relatively easy by the differences noted in Table 3. 


Differentiation of Languages in Group 5 


Language And Of Differentia 

Afrikaans en van die = the 

Dutch en van 66, 66, ij are characteristic 

French et de le = the, é is used very freely 

Italian e di Uses only the grave accent; 
é = is; final 4 and 6 often 
occur 

Polish i,a od a, f, §, Z, are charac- 
teristic 

Portuguese e de 4 and 6 are characteristic 

Rumanian si de t, 5, 4, and a are characteristic 

Spanish y de fi, j, and are characteristic 

TABLE 7 


Differentiation of Languages in Group 6 


For the languages in Group 2, the presence of 4 indi- 
cates that the unknown is Danish, Norwegian, or 
Swedish, and must be differentiated by the words for 
and and of as given in Table 4. If d is absent, Swedish is 
eliminated, but Danish and Norwegian must be con- 
sidered as possible choices along with the other lan- 
guages in Table 4. 

The languages in Groups 3, 5, and 6 are differentiated 
as shown in Tables 5, 6, and 7. The two languages in 
Group 4 may be distinguished by the occurrence of the 
word af in Danish and av in Norwegian. 

The Cyrillic Family. If the unknown is in Cyrillic 
characters, the scheme outlined in Table 8 permits a 
reasonably good procedure for distinguishing each of the 


languages. 


Language And Of Differentia 
Afrikaans en van die = the; éis characteristic SIZE OF SAMPLE 
Dutch en van éé, 66, and ij are characteris- 
tic | The sample of language to be identified may vary in 
Esperanto kaj = de c, g, hs ds 8, and ti are charac- size from an entire book to a few words. In the identifi- 
de the: cation of languages by means of the presence or ab- 
: marks sence of special characteristics, the above procedure 
Latin et de - Peet no assumes that there is sufficient text to insure that the 
special characteristics will occur at least once. 
7 TABLE 8 
= Identification of Languages Using Cyrillic Characters 
Unknown: Look for 
' Yes: Look for u —_ - No: Look for i ~ 
es Yes No Yes No: Look for j ~ 
: Russian White Russian Ukrainian Yes: Look for s———— 


Bulgarian 


Yes 
Macedonian Serbian 
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Mit ONLITHBIM lyTeM, YTO MporpeccHBHOA npexredexaunn JLB 
CYLIECTBEHHO ECAH MeTOL OMCTKH CBEKJOBHYHOTO 
coka. MeTO OCHOBAH Ha TOM, CBEKOBHYHE COK, B KOTOpHI 
W3BECTHAA YACTh NepBoro COKA, NPOrpeccHBHO 
neennpyot npn 60°C, nocae vero npH To camoi TeMnepaType npHOaBamoT HeGonb- 
KONHYeCTBO H3BECTH, AOCTHTHYTh [locne Harpepanna 
coKa Zo 90° COBMeCTHAN H3BECTHIO 
CaATYPHPOBAHHOTO COKA OTBOANTCA OOpaGoTKH, a MelibilaA 
310ro coKa neperasupyetca HaNpHMep AO caTypaunH 
H BOSBpallaetca B COK, Brot KpyroBopoT NocromHHO 


Figure 2. A Specimen of Cyrillic Characters 


Quite obviously, the difficulty of identifying a 
language increases inversely with the size of the 
sample, particularly for procedures depending upon the 
presence and absence of special characteristics. Also, 
the effect of foreign words, the possibility of translitera- 
tion, and other factors become greater, the smaller the 
size of the sample available. 

For those cases where the size of the sample is un- 
avoidably small, in addition to the use of clues such as 
journal titles and geographical names, there are two 
other helpful approaches: one-letter words, and tech- 
nical words frequently used in titles and authors’ ab- 
stracts. 

A list of one-letter words is given in Table 9 for the 
languages using Latin characters. Although some of 
these words may occur rarely and some may be in- 
digenous to several languages with the same or different 
meanings, they are useful in at least narrowing the 
range of possible choices. 

Table 10 lists dictionary equivalents of the three 
words, chemistry, reaction, and study, which are fre- 
quently used in titles and abstracts. Further develop- 
ment of the lists in Tables 9 and 10 may be desirable. 


PRECAUTIONS 


The languages of the chemical literature are marked 
by heterogeneity. Loan words from other languages 
occur frequently, and proper nouns of all languages are 
used liberally. Consequently, the following kinds of 
words should be ignored in the inspection of the unknown 
language: capitalized words which do not begin a sen- 
tence, except in titles and when it is obvious, as in Ger- 
man, that all nouns are capitalized; words which are 
printed in a style or size of type different from the body 
of the text; and words within quotation marks. 

The characteristics on which decisions must be based 
in the procedure described in this paper were chosen 


from among the most frequently occurring ones. Ab- 
sence of a character from an entire page of the sample 
should be considered conclusive. When it seemed likely 
that a decision might be doubtful for languages such as 
Dutch, in which diacritical marks are used rarely, or 
Norwegian and Danish, whose orthographies have 
changed recently, the languages are presented in the 


TABLE 9 
One-letter Words in the Languages Using Latin 
haracters* 
a Croatian, Czech, k Croatian, Czech, 


French, Hungarian, Slovak, Slovenian 
Italian, Polish, Por- k’ Polish 


tuguese, Rumanian, ! Esperanto, French, 
Slovak, Slovenian Italian 
Italian ’n Afrikaans 


Croatian, Czech, Lithu- 
anian, Polish, Portu- 
ese, Rumanian, 


a 

Spanish 

4 Danish, Dutch, French, 
Norwegian, Portu- 


guese, Swedish lovak, Slovenian 

& Danish, Norwegian, 6 Hungarian (rare) 
Swedish Italian, Spanish 

French 6 Swedish 

d’ French 6 Hungarian (rare) 

e Croatian, Hungarian @ Danish, Norwegian 
(rare), Italian, Por- s Croatian, Czech, Hun- 
tuguese, Rumanian garian (rare), Slovak, 

é Spanish Slovenian 

é Italian s’ French 

é Afrikaans (rare) u___ Afrikaans, Croatian, 

h Slovenian Czech, Dutch, 

i Croatian, Czech, Polish, Slovak 
Danish, Italian, U_ Afrikaans, Dutch 
Norwegian, Polish, G Spanish (rare) 

Slovak, Slovenian, v__ Czech, Slovak, 
Swedish Slovenian 

Danish, Norwegian, w Polish 
Swedish y Spanish 

{ Icelandic z Czech, Polish, Slovak, 

i Lithuanian Slovenian 


j’ French 


* Interjections, which are accompanied by an exclamation 
mark, and proper nouns are not included. 


Figure 3. A Specimen of Oriental Characters 
If @ is present, the unknown is Japanese, otherwise Chinese. 
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tives. 


procedure as both affirmative and negative alterna- 


The information concerning special characters is not 
intended to be complete for any given language but is 
to provide a means of differentiating among the 
languages of a group. 


TABLE 10 


Technical Words Often Used in Titles of Chemical Articles 


Chemia 
Chemie 


Chemija 
Chimia 


Chimica 
Chimie 


Hemio 
Keemia 
Kemi 


Aksitesir 
Ellenhatds 
Oddziaty- 
wanie 
Ptiisobenf 
Reacgiio 
Reaccién 
Reactie 
Reactio 
Réaction 
Reaction 
Reactiune 
Reageer- 
imine 
Reakce 
Reaccia 


Calisma 
Estudio 
Estudo 
Etude 


Prouéa- 
vanie 
Studie 


Studija 
Studi- 
javimas 


Lukeminen 


Dictionary equivalents of the word “‘chemistry’’ are: 


Polish, Slovak Kemia_ . Finnish 
Afrikaans, Kemija Croatian, 
Czech, Slovenian 
Dutch, Kemio | Esperanto 
German Kimya ilmi Turkish 
Lithuanian Kimija Latvian 
Lahutu- Estonian 
atin 
Italian — 
Luéba Czech 
Ludzba Croatian 
Quimica Portuguese, 
te 
Danish Scheikunde Dutch 
Skeikunde Afrikaans 
Norwegian, Simi Turkish 
Vegytan Hungarian 
Dictionary equivalents of the word “‘reaction’’ are: 
Turkish Reakcija Croatian, 
Hungarian Latvian, 
Polish Lithuanian, 
Slovenian 
Czech Reakcio Esperanto 
Portuguese Reakcya Polish 
Spanish Reaksie Afrikaans 
Dutch Reaktion Danish, 
Latin German, 
French Norwegian, 
Interlingua Swedish 
Rumanian Reaktsioon Estonian 
Estonian Reazione Italian 
Vaikutus Finnish 
Czech Veikimas Lithuanian 
Slovak Visszahataés Hungarian 
Dictionary equivalents of the word “‘study’’ are: 
Turkish Studio Interlingua, 
Spanish Italian 
udiu umanian 
oe Studium Czech, Danish, 
ter Latin, Nor- 
Finnish - 
Croati wegian 
Swedish 
tudo speranto 
Afrikaans, Studyum Polish 
Czech, Stuudium Estonian 
Dutch, Studij Slovenian 
German Stddium Slovak 
Latvian Tanulmény Hungarian 
Lithuanian Hungarian 
Uéenje Croatian 
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Die befte Art von Originalitdt ift diejenige, 
welche fic) nach einer griindliden Lehrgcit fiih{bar 
macht, eine folche, die fid) als Vermifdung des 
Gegriffes von allem niibliden und progreffiven 
Streben eines flaren Verftandes erweift. Denn 
mag ein nocd fo tiidtig und originell 
fein, fo mu er dennod) alles, was in jeinem 


Figure 4. A Specimen of G in Fraktur Ch t 


In the space at our disposal, it has not been possible 
to dwell on the subtleties of identifying languages. We 
hope that the procedure outlined here will prove useful 
to our colleagues at large as a first step toward more 
efficient handling and greater. appreciation of the 
foreign-language literature. For those who may want 
to pursue the subject further, a few of the sources of the 
information given in this paper are included in the 
bibliography. 
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Kai oi’ vioi Iopand 
movnpov Kupiov, kai rapédwxev 
Kipuos év xecpi Eryn. 
Kai jv avnp eis ard Lapadr aro dnuov ovyye- 
velas tov Aavei kai dvoua ait@ Marae, xai 
yurn aoreipa xal érexev. kai 
ayyedos Kupiov mpos thy yuvaixa eirev 
mpos ob oreipa ov TéroKas, 
Figure 5. A Specimen of Greek Characters 


Figure 6. Specimens of Semitic Characters. Left: Hebrew. Right: Arabic 
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RESIDUES IN ENGLISH: 


HOW TO 


READ A TRANSLATION: 


Tue problem of reading a translation is one of com- 
pleting the operation of rendering into the reader’s 
language. In almost any technical translation into 
English there will be found a certain residue of foreign 
words, foreign senses of words, foreign phrases, foreign 
ways of putting things, all requiring to be at least men- 
tally anglicized by the ultimate reader, if not by an 
intervening editor, before communication with the 
original writer can be established. 

As a rule, such failure in communication is not the 
translator’s fault. The English-speaking world has 
inherited a long tradition of not learning and not teach- 
ing foreign languages. By far the major burden of 
translating foreign literature into English—even tech- 
nical literature—necessarily falls on people who lack 
the advantage of a native command of our mother 
tongue. 

In addition, technical translations must as a rule be 
prepared either by translators who have only very 
vague notions of the terminology and phraseology in 
use, or by subject specialists who are nontranslators. 
“Nontranslators” does not necessarily mean “unable 
to translate”; sometimes it means “unable to translate 
expeditiously”; sometimes it means “more valuable 
on some other assignment.” 

A list entitled “Some English Homologues and 
Equivalents of Continental European Words’ appears 
at the end of this paper. The column arranged alpha- 
betically and headed “English Homologues”’ contains a 
collection of some 300 English words and expressions 
commonly found to occur in a more-or-less misleading 
manner in English translations, generally because they 
happen to be near transliterations of Romance, Ger- 
manic, or Slavic words. 

The other column contains suggested equivalents that 
may frequently be found to be more pertinent than the 
homologues in the first column. Thus the two columns 
function as a sort of English-English vocabulary. It 
will be noticed that the terms “literal translation” and 
“free translation” are being avoided. From the author’s 
point of view they seem nearly meaningless. A trans- 
lation must agree with the original in content; there 
can be no other justification for either freedom or literal- 
ness. 

Needless to say, the meanings represented by the 
homologues in the first column may often be correct. 
Still others, not listed at all, may often be needed. 

1 Presented before the Division of Chemical Literature at the 


126th Meeting of the American Chemical Society, New York, 
September, 1954. 


ERNST VAN HAAGEN 
New York, New York 


Everything depends on establishment of communica- 
tion, first between author and translator, then between 
translator and reader. The various possible sources of 
misunderstanding listed are common sources of failure 
of such communication. 

To illustrate this, I should like to comment individu- 
ally on a dozen or two of the entries. 


Acid Salt (Ester). Russian, German, and French, in 
that order, prefer the form “sulfuric acid ester’ to the 
form “sulfate,” and similarly “sulfuric acid ethy] ester” 
to “ethyl sulfate’; possibly out of a desire to restrict 
the “-ate” ending to salts. However, “acetic acid 
salts” is often found for “‘acetates.”” The longer forms 
have made much headway in English, especially for 
indexing purposes. 


Admit. We “grant’’ something for the sake of argu- 
ment, “assume’”’ for the sake of simplicity, and ‘“‘sup- 
pose” for example; in all these cases French commonly 
uses “admit,” which in English means to plead guilty 
to a charge. 


Albumin. European dieticians (and chemists) speak 
of “‘albumins”’ instead of “‘proteins.” 


Alkali. Like “acid salt,” the term “alkali salt” 
seems confusing in the sense of “alkali metal salt’’; 
but “alkali salt’’ is almost universal outside of English. 


Atmosphere. The German abbreviation ‘Atm.” 
refers to the familiar international standard atmosphere 
of 760 mm. Hg. The abbreviations “at,” “ata” and 
“ati,” on the contrary, refer to a so-called “technische 
Atmosphire”’ of 1 kg./cm.*, or 735.56 mm. Hg; known 
to some American handbooks as a “metric atmosphere.”’ 
The difference is not great—about half a pound per 
square inch, or a little more than 3 per cent, unlikely 
to be significant to the definition of a range of pressures 
in a patent claim, for example. Certainly, such speci- 
fications as “ungefihr 3 atii” can be allowed to stand as 
“about 3 atmospheres gage pressure.”’ Still, it can be 
disconcerting, in a translation, to see normal atmos- 
pheric pressure at sea level given as “1.033 ata.” I 
believe I have seen it stated that acetylene partial 
pressures above “1.45 ata” are critically hazardous 
under certain conditions. This means 1067 mm. Hg 
abs., significantly different from “1.45 Atm.” (1102 
mm.) as well as from “0.45 atii” (760+ + 331 = 
1091+ mm.), though the gage pressure is not relevant 
in this case. On the whole, the only accurate transla- 
tions for “at’’ would seem to be “metric atmosphere” 
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and “kg./cm.”” “Kg./cem.”” is preferable; why send the 
reader of a translation hunting for the definition of 
“metric atmosphere?” 

The French word “hectopiéze,” with its abbreviation 
“thpz,”’ has no place in this connection except as also 
signifying 1 kg./em.?, a “piéze” therefore apparently 
being a decimeter of water column. I do not know 
any dictionary that contains this information. 


Carbonic Acid. To some it may seem unfair that the 
translator from German or Russian into English should 
be required to edit “carbon acid” into “carbon dioxide.” 
(“Carbon oxide,” of course, really means “carbon mon- 
oxide.”) Why not just leave “Kohlensdiuregas” as 
“carbonic acid gas,’’ which was good enough for Sher- 
lock Holmes? We are continually being told that it is 
not the translator’s function to edit or interpret. The 
fact is, of course, that the translator must edit and in- 
terpret. An unedited, uninterpreted translation would 
be nonsense, and would be rejected. Chemists will not 
have confidence in a translation in which “carbonic 
acid” is used to mean CO:. They will not even have 
confidence in a translation that calls CO, “carbonic 
(acid) anhydride,” accurate though these designations 
are. Nothing but “carbon dioxide” will do. 

German and Russian both have two ways of saying 
“carbon acid.” The more native form means ‘‘carbon 
dioxide,” and the less native form means ‘carboxylic 
acid.” But what of the situation in French, where 
there is on'y one way to say “carbon acid,” namely, 
“acide carbonique,” which can mean either ‘carbon 
dioxide” or “carboxylic acid?” Incidentally, every 
one of these languages possesses the terms ‘carbon 
dioxide,” “carbon monoxide,” “carboxylic acid,” just 
as we do; but they do not use these very much; they 
prefer “carbon acid” and “carbon oxide.” So the 
translator must often decide whether “carbon dioxide” 
or “carboxylic acid” is meant. This can strain the 
chemistry of a nonchemist. 


Circumstances. Contrary to what might be supposed, 
and contrary to the dictionaries, “unter Umstanden”’ 
hardly ever means “under circumstances,” or even 
“under certain circumstances,” with its implication of 
information withheld. It just means “sometimes.” 
For some reason, the German technical writer does not 
like the word “manchmal.” He very rarely uses it. 
In his vocabulary, the place of English ‘‘sometimes’”’ is 
filled by “unter Umstinden” (‘u.U.”’). 


Conceivably. “Conceivably,” “effectively,” ‘“ex- 
ceptionally,” “possibly,” “practically,” “principally,” 
“scientifically,” are an interesting group of adverbs 
because they may mean different things in different 
languages even when their adjectives do not. Some 
examples: “conceivably good” for “as good as 
conceivable”; “effectively” for “as a matter of 


” 


fact’’; “exceptionally interesting” for “interesting for 
once”; “possibly accurate” for “as accurate as 
possible’; “practically impossible” for “impossible in 
industry”; “principally impossible” for “theoretically 
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impossible’; and “to work scientifically” for “to do 
scientific work.’”’ Sometimes it is the English, sometimes 
the foreign sense of the adverb that goes beyond mere 
adverbialization of the adjective. 


Disgrace. There is little agreement among languages 
about the precise nomenclature of disaster. I remember 
an Italian motion picture in which one of the English 
titles should have read, ‘He tried to find his mother, 
who was living in poverty and misfortune”; but did 
read, ‘He forced himself to find his mother, who was 
living in misery and disgrace.” 


Ether. In Russian especially, there is a tendency to 
avoid the word “ester,” and to call esters “complex 
(compound) ethers,” ethers “simple ethers,’ and ordi- 
nary ether “sulfuric ether,’ as is obsolete English usage 
also. When the word “efir’ alone is used as short for 
any of these expressions, it is again difficult for the non- 
chemist to get his bearings. I keep stressing the prob- 
lems of the nonchemical translator because they become 
the problems of the chemical reader. Of course chemi- 
cal translations should always be made by chemists; 
but for many reasons beyond the scope of this paper, 
that is not the case asa rule. 


Finite. It may seem a liberty on the part of a trans- 
lator to render “endlich” by “nonzero” instead of 
“finite.” Somehow, though, the notion has crept into 
European applied mathematics that zero is an infini- 
tesimal, that the concept “finite” excludes both the 
infinite and the infinitesimal, and that therefore “finite” 
can be contrasted to “zero.” In English this makes no 
sense at all. In English mathematical phrase, we can 
seek a “finite nonzero value” of a quantity; in Conti- 
nental European this becomes simply a “finite” value. 


Frigories. Some trouble is caused by the fact that in 
talking about refrigeration especially, the European 
does not hesitate to speak of quantities of cold, flow 
of cold from one place to another, storage of cold in a 
mass, and so forth. In English, so far as I know, this 
is not done much. Nor, seemingly, do we have a 
special name for the unit measuring absence of heat, 
like the French “frigorie.” 


Interesting. “Interesting” is usually a_ perfectly 
plausible translation for its European cognates. How- 
ever, “interesting” is seldom what is meant. The 
approximate Continental meaning of “interesting” 
is ‘“worth-while.” The English idea of “interesting” 
is usually expressed in other ways, as by French 
“curieux.”’ 


Tron. The foreign languages tend to say a thing is 
of “iron” even if the iron happens to be in the form of 
steel, whereas English technical parlance restricts 
‘iron,’ when unqualified, largely to cast iron. Since 
the other languages usually say “fonte,” ‘“Gusseisen,” 
etc., when they mean cast iron, the result is that “iron” 
means steel perhaps more often than not. Besides, 
the strict metallurgical definition of “Stahl” is slightly 
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narrower than that of “steel.” Such: notions as angle, 
channel, tee, zee, etc., are normally accompanied by the 
word “iron” in French and German; this sounds rather 
hardware-store in English. 


Least. There is a situation in which ‘mindestens” 
means “at most.’”’? In such a German expression as 
“bis mindestens 50 Grad,’’ literally “to at least 50 
degrees,”’ it is always necessary to consider whether 
things are moving up or down; if down, then the mean- 
ing is “to 50 degrees or less.” 


Level. French has no simple preposition unambigu- 
ously expressing mere location; “‘au genou” can mean 
‘to the knee” as well as “‘at the knee.” Hence, when 
ambiguity is possible, it is customary in French to 
write “‘at the level of the knee.” The same idiom is to 
be met with in English medical writing where “‘at the 
level of” may mean simply “at” anatomically, especially 
when some point along a tract or sequence is meant. 
In German and Russian, however, there is some tend- 
ency to borrow this usage for no very apparent 
reason. In German, “auf der Héhe” with the genitive 
is a common prolix variant for the preposition “an.” 


Mass. In addition to its English meanings, this 
word serves for ‘compounds,’ not in the chemical 
sense but as in “molding compound,” “coating com- 
pound,” “rubber compound,” etc.; as well as for paper 
“pulp.” 


Molecule. In English, a molecule of this is said to 
react with a molecule of that, but it sounds queer to 
most people to talk of adding a molecule of something 
to a solution. The foreign languages, however, do not 
care much for the words “mol” and “molar,” and it 
seems best to use them as translations for “molecule” 
and “molecular” in appropriate cases. 


Obvious. None of the words normally translated by 
“obviously” means “obviously,” but only “apparently” 
or at most “evidently.” The true English sense of 
“obviously” is usually expressed in other languages 
by such devices as “‘self-evidently,” or “it leaps to the 
eye that....” 


Ozy-. It has been suggested that this prefix should 
be rendered “hydroxy-,” “oxo-,” “keto-,” or “oxa-” 
when the facts warrant. This is all very well in trans- 
lating for publication where it is a comparatively easy 
matter to ascertain the facts. For ordinary purposes, 
however, it may be worth while to reaffirm that ‘“‘oxy-” 
may be translated “oxy-” not only when, as often hap- 
pens, there is no clue to its exact meaning within the 
translation assignment, but also when the translator 
cannot readily ascertain that meaning. It is unsound 
to urge translators, especially if intimately conversant 
with the subject matter, to inject their own knowledge 
into their work without any limitation. The content 


of a translation may properly be confined to what is. 


knowable from the original text, taken as a whole. 
As a result, there will necessarily be some occurrence of 
ambiguous, obsolete expressions such as ‘“amido-” 


125 


for “amino-,” “saponify” for “hydrolyze,” etc. It 


hardly seems necessary for translations to be purer 
than the primary English literature, and it hardly seems 
correct for a translation of a German article dating from 
any time within the last century to conform to the 
latest recommendations in English nomenclature. 


Partly. It can be puzzling to read in a translation 
that certain samples were “partly” or “partially” 
heated to the boiling point. This usually means that 
some of them were heated to boiling. 


Professional. With the exception of “professor,” 
this word and its family have no exalted connotations 
in the foreign languages. A “profession” is merely 
an occupation; “profession” in the narrow sense is 
short for “free profession.” Thus “professional pathol- 
ogy”’ means “occupational disease.” 


Resistance. This is consistently used in other lan- 
guages to mean mechanical strength, in addition to 
its English meanings. 


Restore. The Russian word for chemical reduction 
happens to mean restoration instead, in ordinary life. 


Rose. “Rose” in English is an exceptional color 
name; in the Continental languages it is the ordinary 
name for “pink.” 


Serious. A “serious” businessman or enterprise, in 
French and German, means a sound or substantial one. 


Silicic Acid. This presents an analogous case to 
that of carbonic acid. 


Silicon, Silicone. The difference between the endings 
“on” and “-one,” “-ol” and ‘-ole,” “-in’” and “-ine,” 
etc., is an unfortunate means of distinguishing words, 
since most languages are unable to make use of it. 


As will be realized, the list presented is a mere col- 
lection of instances gleaned from personal observation, 
by myself and others, of the behavior of a dozen Euro- 
pean languages. Although the ‘“English-English vo- 
cabulary” is believed to be of fairly general validity 
even for translations from Japanese and other non- 
European languages, in view of the extent to which 
their technical style has often been largely modeled 
upon that of German and French, it is, of course, far 
from comprehensive or categorical. It can happen 
that the homologues, though quite un-English in spirit, 
may represent actual English usage throughout a 
particular province of subject matter. Especially in a 
new field first intensively pursued in some one country, 
the literature and the terminology may be transplanted 
bodily from one language to another without any trans- 
lation at all; that is why an airplane has, not a hull, 
but a fuselage. Most of what might be called tech- 
nical idiom, compelling us to say “‘on the water bath,” 
“referred to dry substance,” “plenipotentiary near the 
French Government,” “know all men by these presents,” 
and the like, rests ultimately upon ancient trans- 
lation and mistranslation. 


(ON = 

do 

mes 
ber 
lish 

her, 

did 
was 
y to 
plex 

rdi- 

sage 

for 

10n- 
rob- 

ome 
per, 

1 of 

into 
the 
Ss no 

can 

ilue. 
at in 

pean 

flow 
in a ; 
this 
ve a 

1eat, 

actly 

The 

ing” 
| 


126 JOURNAL OF CHEMICAL EDUCATION 
Some English Homologues and Equivalents of Continental European Words 
English English English English English English 
equivalents homologues equivalents homologues equivalents 
abandon allow to stand, ex- continuous cur- direct current work, eo 
pose rent expose set fourt expound, 
(-ic) acid salt -ate container vessel, tank describe, report 
(ester) contribution tax extract excerpt, abstract, 
acquire procure, purchase control check, inspect(ion), transcript 
act record, file, docu- audit 
ment convenient desirable, fitting ferment enzyme 
actual(ly) present; timely, cur- correction honesty, propriety, figurative pictorial ge 
rent, up-to-date correctness finite nonzero, noninfini- 
administrator director suitable tesimal 
admit grant, assume, sup- counci board; counsel follow trace, observe 
pose criticism, critique review force oneself try, make attempts, 
albumen, -in protein cure treat endeavor 
appear be : . ormula equation (che 
(med.) dehydrate dehydrogenate frigories (negative) calories 
arrow altitude, depth (of denned ask, apply for funnel hopper 
); dependency Tela- general expenses overhead 
assist attend, accompany, deposit warehouse, storage, ot ol pra 
glow incandescent, 
serve design drawing thermo- 
atmosphere kg./sq. cm. destined intandel, addressed, 
attack act on directe humidity moisture 
authority agency | determine bring about hydrate hydrogenate 
axis shaft, pivot, center- determined definite, given : 
line, axle diagram graph important large 
diffusion use, improvement correction 
body substance (chem. ) credence, etc. impulse pulse, momentum 
bottom head (of vessel), dimension design, select incompetent lacking authority 
plate (of column) diminution taper inconvenience disadvantage 
branch connect (elec. ) direct current positive a.c. phase, index subscript, super- 
bright light (of colors) rectified current yas script 
brutal sudden director manager indications information, instruc- 
build- engineer-, cultiva- discourse address, speech tions 
tion discrete moderate; unmistak- indigenous native, domestic, 
bureau office, desk able, some slight ; vie aboriginal 
. discuss(ion) debate, dispute industrialist manufacturer 
calculation estimating . discussion meeting industry establishment, plant, 
capacity capacitance disgrace misfortune, awk- , shop 
carbonic acid carbon dioxide, car- wardness influence effect; affect, con- 
boxylic acid dismounting disassembly, dis- trol; induction 
cellulose pulp mantling (elec. ) 
chapter topic, point, heading disposable available insist repeat, seek = 
characteristic property, feature, diverse miscellaneous installation plumbing, _ piping, 
curve dosage quant. analysis; pro- wiring 
charcoal, coal carbon portionating instruction inquiry, information 
chlorhydrate hydrochloride, chlo- “ interestin important; of value 
ride (in) effect, effec- in fact; for (conj.), investigations research 
circle district, compass tively actually iron steel 
(under) circum- sometimes effort force, stress C-, U-, iron channel 
stances elastic flexible, resilient, isolate insulate 
cite quote versatile 
cla; alumina encumbrance over-all dimensions, joint gasket 
colleague associate space required ’ ; 
collector manifold . energy power (kw.-hr.) kalium tassium 
college lecture, _ boarding- entertainment maintenance kettle iler, steam genera- 
school, institute, entrain pass (gases) tor 
board establish(ment) state(ment), observe 
command drive, control (-ation) lamp (vacuum) tube, bulb 
commune — parish ether ester large wide, long 
compromise commit (complex) ether § compound ether (2.e., last latest 
conceivably as much as conceiv- ester) latest last 
able, very (simple) ether ether law function, equation 
concept(ion) draft, term eventual(ly) possible(-ly ) (at) least... fully as little as ..., 
concurrence competition exact rompt, correct ++. OF less 3 
conical taper, bevel exceptionally way of exception, lecture —- reading 
consequent logical, valid, con- for once, only val matter 
sistent exemplar individual, speci- legitimate a (in kind) 
conserve preserve men, copy level locality 
construct esign exist be present, occur library, -ian bookstore, -seller 
constructive pertaining to design existence stock liquid fluid (7. e., incl. gase- 
constructor designer, manufac- experience experiment ous) r 
turer expert appraiser; person loyal fair 
contemporary simultaneous, mod- skilled in the art 
ern exploit utilize, operate, machine engine 
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(Continued) Some English Homologues and Equivalents of Continental European Words 


English English English English English English 
homologues equivalents ues equivalents homologues equivalents 
magazine store, warehouse pretend contend, claim sensibly —aeorw (pat., 

mass compound, pulp, preventive prior : tc.) 
dough price cost series washer, plurality 
massive solid (not hollow, (in) principle theoretically, basi- serious sound 
not plated, etc.) cally, ely, ten- services office, department 
merchant businessman tatively silicic acid silica 
miser poverty (in) print in press silicium silicon 
pre | polymer copolymer private personal silicon silicone 
modest slight procuration power-of-attorney society company, partner- 
molecule(-lar) mol(ar) procurator deputy, attorney, ship, community 
motor engine prosecutor soot, (carbon) black 
mounting erection, assembly profession(al) occupation(al) spiritual intellectual, witty, 
circuiting, hook- profile structural (steel; ete. 
up see iron), section, steam vapor, water vapor 
shape stock(age) de 
National domestic project draft, hoont strength thickness 
natrium sodium proof evidence successive subsequent, immedi- 
next first propaganda advertising ate 
normal standard; plain, or- protocol record — sulfur sulfide " 
dinary provision commission summary (patent) claims 
provoke cause support column, bearing, 
object subject ; toolholder, 
obligate oneself | undertake quality kind; property bracket 
observation objection quote dimension, elevation surface area 
obvious(ly) apparent(ly) switching circuit, hook-up 
oceasion opportunity rational(ization) _ efficient, scientific; systematic deliberate, inten- 
offer promise industrial engi- tional, regular; 
opportune early neering classification, in- 
origin enuine (in origin readin ecture, lesson 
realizable feasible, practicable tale(um), tallow tallow, tale(um) 
(on the) other furthermore realization embodiment, tariff rate , 
hand achievement, pro- tax fee, fixed price | 
oven furnace, kiln ject technical industrial, a 
OX receive accept ing; commercia 
recognize, know _sfind learn, dis- technician engineer; expert; 
packing gasket cover one skilled in the 
paragraph section reference abstract; report ‘ art 
particular private, peculiar reheat ; heat : technique industry; the art 
partly in some instances relation(ship), re- ratio, proportion, technology industry, process en- 
paste dough rt correlation, report P gineering, 
pension boarding-house, represent be, form, prepare typical native, quaint 
By research — ulterior subsequent, further 
rforate (-tion man hole resistance strengt 
) serve for restore reduce (chem. ) useless unnecessary 
personality identity result(s) proceeds, success values securities 
plan drawing, top view, reunion meeting en vapor steam 
map review magazine, periodical various several 
positive affirmative revision — ter 9 ventilator fan 
possibilit; opportunity, vari- g, inspection, 
ib] as much as ible rose pin whee 
white soot (finely divided) silica 
erably sanitary medical, hygienic work machine, finish, 
empirical sanitary control physical examina- process 
practically in practice tion 
prejudice loss, harm scheme am, flow sheet xanthogenate xanthate 
preparation specimen, slide (mi- scientist author, student of yeast fungus, ferment 
crosc. ) the subject : 
president sensible sensitive zine galvanize 


INSTITUTE FOR HIGH-SCHOOL TEACHERS 


Tue National Science Foundation this summer will provide 30 stipends of $250 each and a 
limited number of fee exemption certificates amounting to $66 each to high-school teachers of 
chemistry, physics, and general science. The stipends and certificates are for enrollment in the 
Institute for High-school Science Teachers to be held at Pennsylvania State University from 
July 5 to August 13. Detailed information about the program and application forms are now 
available from the Director of Summer Sessions, Pennsylvania State University, State College, 
Pa. 
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Tue subject on which I have been asked to speak is 
obviously rather broad. I shall, therefore, limit it 
specifically to what I term the “indirect reading skill,” 
and I shall also bear in mind the particular interests 
of this audience. 

During recent years there has developed in America 
an increasing awareness of the necessity and impor- 
tance of acquiring skill in a number of foreign languages. 
This is explained in part by the experience of the last 
war, and in part by the growing necessity for Americans 
to communicate with people of different languages and 
cultures and to become more sharply aware of their 
diverse activities. 

We all recall the sense of dismay when the extent of 
our unpreparedness in foreign languages was fully 
realized at the outbreak of World War II. When the 
seriousness of the deficiency became evident an ener- 
getic program was undertaken. It was characterized 
by one important feature: Scientific linguists were, so to 
speak, brought away from their ivory tower and 
asked to harness the data and method of their science 
for a better pedagogy in the field of languages. It is 
unfortunately true that by 1945 this wartime effort 
was almost totally abandoned at the time of the quasi- 
total demobilization. However, in the last ten years 
there has been a more moderate, but steady effort to 
bring more Americans to realize the importance of 
language learning, and also to the development of 
techniques to make the learning process more effective 
and more rational. 

It may be of interest to this group briefly to review 
the manner in which we consider the problem of lan- 
guage learning today, before going into the specific 
topic of my paper. It will be seen that these few back- 
ground points are directly related to my subject, namely, 
the acquiring of reading skills in foreign languages. 
Language is a series of patterned, arbitrary symbols, 
which individuals in a given culture use to communicate 
with one another to achieve cooperation as members 
of a social community. In some cultures these sym- 
bols or signs are oral only, but in most cultures there is 
a more-or-less adequate system of visual symbolization, 
or writing. We are agreed that there is an obvious 
difference between the learning process involved in ac- 
quiring a first language and the method to be followed 
for learning a second language, except in the infrequent 


1 Presented before the Division of Chemical Literature at the 
126th Meeting of the American Chemical Society, New York, 
September, 1954. 


cases when a small child learns two languages at once. 


e@  FOREIGN-LANGUAGE READING SKILL’ 


LEON E. DOSTERT 
Georgetown University, Washington, D. C. 


When we approach the learning of a second system of 
symbols, or a second language, we are already lingual 
in the sense that we have already learned one patterned 
system of audio signs, usually with visual signs (though 
this comes after we learn to speak) to signify our 
mental concepts. Second-language learning, then, is 
for most of us primarily a process of association of 
our first language with the new system of symbols, and 
with their operation within the structure of the new 
language. 

Few linguists have concerned themselves with the 
problem of methodology involved in acquiring reading 
skill in a new language. Indeed, some would argue that 
it is unsound not to focus on speaking skills as the better 
approach for learning to read well. The oral approach 
is what scientific linguists have been concerned with in 
language teaching. One or two recent comments, how- 
ever, seem to indicate that the “reading objective” is 
likely to receive greater attention than in the recent 
past. 

In dealing with my topic, I am going to assume 
motivation on the part of the learner; that is, I am 
going to assume that, for one reason or another, the 
student undertaking the study of a new language is 
desirous of learning it. This is rather important, for 
the problem of methodology is of course definitely re- 
lated to the factor of motivation. Thus, for example, 
in teaching a group of language learners who are merely 
meeting a graduation requirement in an established 
curriculum, the teaching method will be significantly 
affected by the fact that the majority of the members 
of the class are somewhat recalcitrant in the learning 
of the data presented to them. A method effective 
with a group of motivated learners would prove less 
so with a class of indifferent undergraduates. We will 
then assume that the method which I am to analyze 
is applicable to motivated students. 

It will be well to recognize at the outset that there 
are two basically different types of skill which a learner 
may be seeking. He may want to acquire an active 
and general skill in a foreign language. He may want 
to be able to understand it, speak it, read it, and write it. 
The teaching methodology applicable to this type of 
objective will, in my opinion, be significantly affected 
by the objective itself—though this is not universally 
accepted among linguists. The other type of language 
skill which may bé desired. by another category of stu- 
dents can be called the “passive” or “recognition”’ skill, 
since this group seeks primarily a passive, recognition 
knowledge of the written script rather than an active 
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knowledge of the auditory symbels. They want 
to recognize rather than use the new set of language 
symbols. As a subcategory, we can set apart in- 
dividuals whose primary task is to monitor broadcasts 
and who therefore will want to emphasize auditory 
recognition rather than visual recognition. Here again 
the method will be affected by the specific type of 
passive skill which is sought. 

The method discussed here, then, is focussed on the 
learning problem of those who are seeking, primarily, 
a passive, visual recognition of a foreign language. 


Whether we are seeking an active or a passive skill, 
there will be a number of aspects of the method which 
will be similar regardless of the objective. The first 
thing that a skilled teacher must be able to do is to ex- 
plain clearly and precisely, as the material of the course 
is presented, the points of concordance and the points 
of divergence between the first language and the new 
language that the student is learning. This is, unfortu- 
nately, too seldom done in the standard college courses. 
These points of similarity and of difference will bear 
on the phonology, or sound pattern; on the mor- 
phology, or word forms; on the structural relationships 
in the syntactic and grammatical systems of the two 
languages. 

It is quite obvious that the attainment of a reading 
skill in a new language will be simplified in proportion 
as that language is cognate, or proximate, to the first 
language of the learner. For example, an American will 
find it much easier to learn the French equivalent for 
“the bread is on the table” than he would if he were 
seeking to understand or learn the equivalent of that 
statement, say, in Mongolian. In the case of French, 
you have a sequence of language items identical in the 
two languages: 
of these items will have a corresponding item in the 
target language in the case of French. In Mongolian, 
however, the statement is rendered in the following 
manner: “bread/table/on-ness/is.”” We can see right 
away that Mongolian operates without two of the items 
present in the first language, namely, the items which 
we designate as the “definite article” and the “‘prepo- 
sition.”” Moreover, in the case of French, the visual 
signs, or letters, are similar in the first language and in 
the language being learned—similar in appearance, 
but not of course in sound or structural value. Thus, 
the extent of similarity between the language to be 
learned and the known language will be a primary 
factor in developing the teaching method. In some of 
the French classes I have conducted, where the primary 
objective of the students was the acquisition of reading 
skill, I started out by giving the students a translation 
test. I gave them a page in French dealing with a sub- 
ject with which they were presumed to be reasonably 
familiar, and asked them to do the translation into 
English. To their amazement they came up with 
a result that was about 60 to 80 per cent correct, de- 
pending on the individual aptitudes. A similar test 
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given with a German text would probably not have 
yielded anywhere near the same amount of accurate 
translation prior to any learning effort. In the case 
of Russian, this preliminary step would have been im- 
possible, since the Cyrillic alphabet would first have had 
to be mastered. 

From what has been said so far, we can draw the 
following conclusions: 

(1) The learning of a new language involves the 
assimilation of a new system of symbols and their pat- 
terned operation in a given linguistic structure. 

(2) The teaching and learning pattern must be 
methodically developed to meet the specific skill 
sought by the learner. 

(3) The method must be based on the scientific 
analysis of the points of similarity and difference be- 
tween the first language of the learner and the second 
language, in respect to phonology, morphology, and 
syntactic structure. 

(4) The teaching and learning method will be effective 
to the extent that it is guided by the data established 
by linguistic science in regard to the source or first lan- 
guage, and the target or second language. 

You may have noted that I have used the terms 
“teaching method” and “learning method.” This is 
a point of considerable importance, because the ac- 
quisition of any type of skill in a new language involves 
primarily a self-teaching effort. It is therefore impor- 
tant that the language data to be learned should be 
presented on the basis of a methodical and scientific 
comparative analysis. That is the “teaching’’ method. 
It is of equal, if not of greater importance, that the 
learner should be shown how to retain the data pre- 
sented to him; here we are concerned with the “learn- 
ing”’ method. 

A distinction may now be made between two types 
of reading skills. One may be called the “spontaneous” 
or direct reading skill. In this case, the learner’s 
objective is to be able to understand the foreign text 
spontaneously or directly—that is, without passing 
through the intermediary of his own language. This 
means, in effect, that the objective here is to bring the 
learner actually to think in terms ‘of the foreign-lan- 
guagesymbols. Thisis obviously a much more complete 
and extensive skill than that required for indirect 
or “mental translation” skill. In the latter case, the 
learner effects a sort of mental transfer of the foreign 
language into his own language as his eyes carry the 
foreign message to his mind. He reads, or perceives, 
the words of the foreign language, but he thinks or com- 
prehends in terms of his own language. This indirect 
or “mental translation” skill is what most learners 
seeking a “reading knowledge” try to achieve. It is 


for this narrowed and specific objective that I will now 
try to outline a method in some detail. 

We assume, then, that the method to be described 
will be applicable to a group of adult, highly-motivated 
students seeking to acquire a passive or indirect reading 
skill in a reasonably cognate language; 


that is, a 


| 

of 

al 

zh ; 

ur 

is 

of 

nd 

he 

ng 

at 

ter 

ch 

in 

w- 

is 

ant 

me 

am 

the 

is 

for 

re- 

dle, 

ely 

tly 

ers 

ing 

‘ive 

less 

will 

yze 

lere 

ner 

hive 

ant 

e it. 

> of 

‘ted 

ally 

lage 

stu- 

kill, 

tion 

tive 


130 


language reasonably proximate to English, such as 
French, German, Russian, Italian, or any one of the 
Scandinavian languages. We will further assume that 
the students desiring to acquire the skill wish to do so 
in order to remain familiar with the scientific or pro- 
fessional writings produced in their field in any one of 
these languages. We will finally assume that the 
learners are largely dependent on a self-teaching ap- 
proach and that they are not, because of their pro- 
fessional responsibilities, in a position to devote regular 
hours over a period of time to the acquisition of a new 
language. 

The first thing they must be prepared to accept is 
that there is no short or pleasant route to acquiring 
skill in a foreign language. They must be willing 
to adapt themselves to a learning effort involving 
primarily the memorization of new data, and it will be 
well for them to realize that four-fifths of the results 
will be the fruit of their own effort rather than that of 
the instructor. 

They must also be reconciled to the fact that, though 
their objective is purely visual and passive, it will be 
indispensable to undergo a period of oral drills, varying 
in length according to the language, in order to acquire 
a minimum familiarity with the phonology or system of 
sounds of the language. I know there are those who 
hold that any time devoted to the analysis and modest 
mastery of the sound system is a pure waste of time in a 
reading course. A moment of reflection will show that 
this view is not tenable. When we look at a word, 
we do not read the letters. We read the word as a 
total set of sounds. If I walk down the street and see 
the letters ‘‘r-e—s-t-a—u-r—a—n-t,”’ I will put into that 
combination of letters the sounds “restaurant.” If 
I am unable, through lack of the phonology, to for- 
mulate those sounds mentally with some spontaneity, 
then it follows that my reading speed will be substan- 
tially lessened through lack of knowledge of the sound 
system. It should be stressed that the phonological 
drill involved in the first phase of learning should not 
strive at accuracy or correctness of reproduction, but 
rather at achieving reasonable speed in the mental 
silent production of the new sounds. Most of us are 
not absolutely silent readers, even though we do not use 
the lips to formulate the sounds as do certain categories 
of primitive or slow readers. It is a widely held theory 
that most of us mentally formulate the sounds which 
relate to a letter or group of letters. Thus, if the person 
seeking reading skill in a foreign language does not have 
a reasonable fluency in the mental formulation of the 
sounds represented by the groups of letters, it follows 
that his reading speed will be considerably decreased 
through lack of knowledge of sound patterns. 

It does not take much time to drill the student in the 
attainment of a reasonable fluency in the production of 
the new language sounds if the phonological analysis 
is presented methodically—and by this is meant in 
terms of similarity and contrast with the pattern of 
sounds of his own native language. I repeat, we are 
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not to strive for accuracy as much as for speed. After 
the learner has been exposed to the phonological 
analysis, the next thing is to proceed with practical 
exercises in the form of an actual text which will be 
read at first at slow and later at progressively increasing 
speeds with the aid of recordings. During recent years 
the tape recorder has been used in a number of ways 
to improve language teaching in many schools and uni- 
versities. Its primary use has been for the acquisition 
of the spoken language, since in effect it is now possible 
to “print”? spoken-language material completely in- 
tegrated with the class presentation. Indeed, the 
practical drill work in the language laboratory is of as 
much pedagogical assistance in language teaching as 
it is in the standard chemistry laboratory in the high- 
school or college curriculum. We will see presently 
how this instrument finds application in a course aimed 
at reading skill. 

One excellent method for self-drill in the phonology 
in this connection is to have a native speaker make a 
recording of a given text at the three levels of speed— 
let us say at 60, 85, and 120 words per minute. The 
same passage can be drilled several times by having the 
tape recorder play back the spoken foreign text on the 
headset while the learner has the written text under his 
eyes. The prompting by the recordings will cause 
the student’s eyes to follow the text at the same speed 
as that of the recording itself. 

Here again we note the importance of the self- 
teaching aspect of the method and the importance of 
repetition. It is not enough for the student to have 
comprehended the analysis that has been presented to 
him by the instructor. After that he must overlearn 
it through a series of patient drills until the pattern of 
sounds which has been comprehended will now be 
reasonably well mastered for spontaneous use—that 
is, for the spontaneous putting of the sounds mentally 
into the groupings of letters presented by the text. 
Note that during this phase it is not recommended 
that the student be asked to concern himself with prob- 
lems of morphology, structure, or meaning, but merely 
with the pattern of sounds. While the focus on the 
phonological material will occur during the first phase 
of the course, it will be useful to have an occasional 
refresher drill interspersed with the other parts of the 
course as the work progresses. 

After this first phase we are now ready for the actual 
reading effort. To achieve this, the most effective 
method that we have been able to devise so far con- 
sists in preparing short and relatively simple sentences 
made up mostly of cognate or near-cognate words with 
simple grammar patterns. The foreign language 
may be typed on the right side of the page, and the 
American equivalent on the left side. The method 
which has proved much more effective consists of having 
the written text in the foreign language only. Each 
sentence drawn upon cognate words and involving 
simple verb and grammar forms is numbered. The 
drill is then done in this way: The equivalent English 
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sentences have been recorded on tapes. The number 
before each English sentence has been read in English 
and recorded. The foreign text also carries numbered 
sentences, so that the student readily identifies the 
foreign text as he hears on the headsets the English 
equivalent from the recording on the tape. There is a 
slight interval between sentences to permit some 
silent analysis. If the sentence presents an unusual 
phenomenon or difficulty, the explanation in English 
will be recorded immediately after the sentence in 
question. The objective of this type of audio-visual 
drill is to bring the student to read silently and under- 
stand the foreign-language text without recourse to the 
Knglish equivalent from the tape. When the audio 
aid is not available, the English side of the bilingual 
page can simply be covered and the test of satisfactory 
achievement is to follow the foreign-language material 
without the aid of the English text. However, as 
stated before, the combination of written text in the 
foreign language and of the English equivalent recorded 
on tapes with a simple numerical identification system, 
is much more effective. Classwork and analysis by an 
instructor is still essential. This classwork has to be 
carefully integrated with the audio-visual reading 
drilis. The instructor must carefully determine the 
sequence in which he will present the structural prob- 
lems of the new language. He will have to select the 
vocabulary material methodically and progressively. 
He will limit the text of the first 15 or so hours of in- 
struction to cognate or near-cognate material. This 
cognate material will preferably be selected from the 
field of actual or intended specialization of his students. 
If a class includes students with diversified interests, 
the outside drill work can be individualized by the 
preparation of different audio-reading units to fit the 
specific objective of each student. 

When the drills with cognate material have been 
completed the usual, everyday terms, which normally 
are not cognates, should be introduced since even 
specialized and technical writings will be found to con- 
tain them. 

One important feature of the reading-skill course is 
to present to the student a clear morphological analysis 
of the new language as contrasted with hisown. Thus, 
for example, in the case of a student learning French, it 
is extremely valuable to show him—and I regret to note 
that most textbooks fail to do so—that there are large 
groups of French words which vary not at all, or but 
slightly from their English equivalents. For example, 
once you have said to a student that the ending —or in 
certain English nouns, such as motor, doctor, professor, 
rigor, monitor, sector, etc., have in French the equiva- 
lent —-eur, then immediately the student has learned not 
one, but a series of words where this morphological simi- 
larity occurs. A large group of items will be readily 
recognized by the student if he has been made aware that 
French normally follows the pattern of the ending —el, 
in such words as formel, usuel, intellectuel, constitutionnel, 
ete., for the English equivalent —al. I could multiply 


131 


the examples, but will cite only -ary in English for 
-aire in French; ~-ty in English for —-é in French; 
—ous in English for —eux in French; the —tion endings 
in both languages. While we have fewer bilingual 
isomorphs between English and German, still a reasoned 
morphological analysis will permit the passive recog- 
nition of many more words than would otherwise be the 
case. Also, the student should be shown the affix 
pattern of the new language—the form and value of the 
different prefixes, suffixes, and, in certain cases, infixes. 
In the case of French and English, for instance, much 
can be learned in little time if the student is made 
aware of the resemblance in the prefix categories like 
de-, re-, in-, con—, dis—, as well as identical particles 
such as pre-, post—, neo-, ete. 

After the sentence drill has been progressively de- 
veloped so that all the major features of the second 
language structure have been thoroughly and pro- 
gressively drilled, the student is now ready to tackle 
complete texts. Here again the selections for drill 
work will be chosen with regard to their specific dif- 
ficulties and bearing in mind the student’s field of 
specialization. A diligent student can be pretty well 
left to his own resources when this stage is reached. 
He can himself select two or three books which have 
been translated from the foreign language into his own, 
or vice versa. He can then make his own tape re- 
cordings of the English texts. When possible each 
line will be numbered, both orally on the tape and in 
writing on the foreign text. He should follow this 
method: First, he will record the material on the tape 
at a speed of about 60 words a minute, with pauses be- 
tween each segment, sentence, or group of sentences to 
permit silent analysis and reflection at the time the 
drill work is done. Having gone through a series of 
such complete-text drills with pauses, the student can 
then make his English text recordings without the 
pauses and at increasing speeds—let us say at 90 words 
a minute at the second level of drill, and at 120 words a 
minute at the final level of drill. It will be most valu- 
able if the first continuous-text drills include for the 
first ten passages or so certain supplementary structural 
or semanticanalyses recorded by an instructor whenever 
the difficulty of the text requires it. 

This method for the attainment of indirect reading 
skill is not pure theory by any means. The techniques 
described have been tested and put into effect in the 
development of a special reading course in the Russian 
language at the Georgetown University Institute of 
Languages and Linguistics. Over the last several 
years we have been called upon to train a number of 
students who were seeking to achieve precisely the type 
of limited skill in the Russian language which I have 
defined earlier as indirect reading skill. 

You will conclude that there is nothing very un- 
usual or revealing in the method and approach described 
—and you will be quite right. The total number of 
hours for the scientific reading course in Russian rep- 
resents somewhat less than two years of the standard 
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undergraduate language-training program. It is ex- 
pected in those courses that a student should, and fre- 
quently claimed that he does acquire a reasonably good 
reading skill at the end of the four-semester standard 
college course. I said “it is expected’ and “claimed,” 
for indeed it is too seldom true that these objectives 
are in fact achieved. As many of us know, not a few 
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students when faced with their postgraduate doctoral 
reading requirements find that the two years of basic 
preparation in their freshman and sophomore years 
are not sufficient to enable them to handle a foreign 
language satisfactorily, even with the aic of a dic- 
tionary. The primary fault lies not with insufficient 
time but with defective methods. 


INTERLINGUA IN CHEMICAL WRITING: 


Tr is the purpose of this paper to acquaint my audience 
with the general principles of Interlingua in so far as 
they can serve to justify the claim that this new inter- 
national language is destined to become part and parcel 
of the routine equipment we use to forestall the ham- 
pering effects of language barriers on the free interna- 
tional flow of information in the fields of science and 
technology in general, and of chemistry in particular. 
1 realize that some of my ideas on the subject are not 
altogether conventional, but I invite you to test their 
validity by challenging them. 

To begin with I should like to emphasize that, as we 
concern ourselves with the problems resulting from 
the existence of a multiplicity of languages, we should 
not allow ourselves to be misled into slighting the 
positive and desirable aspects of the aftermath of 
Babel. I am not just worried about the livelihood 
of translators, or about the fact that in a golden age 
re-establishing the monoglottism of the days before 
the confusion of tongues there would be no call for 
makers and propagators of international auxiliary 
languages. The fact is that a single language for all 
mankind would imply the existence of a single mankind 
—culturally homogenized—and I cannot help feeling 
that one of the basic tenets of our faith in life is the 
conviction that life is rich and worth living just be- 
cause it is multiple; because there are, as it were, many 
mankinds. 


THOUGHT FORMS 


The true delights of the study of foreign languages 
are not to be identified with the secret-society sort of 
pleasures enjoyed by little boys in the practice of some 
new variant of pig latin, from the comprehension of 
which all adults and unwanted aspirants are excluded. 

1 Presented before the Division of Chemical Literature at the 


126th Meeting of the American Chemical Society, New York, 
September, 1954. 
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A foreign language changes not merely the forms of 
words; it changes the forms of thoughts. 

I must not pursue this introductory line of reasoning 
too far, but I may be permitted to clarify my point by 
one or two very obvious examples. A German, for 
instance, does not say, “I went to see a movie.”” He 
says, ‘I am for-me a movie at-look gone.’”’ He takes 
the idea of “going” in two parts (although he too 
conceives of it as a single notion) and uses the two 
parts to begin and close his statement. He similarly 
attaches to the idea of “looking’’ a reference to himself 
as the interested party and thus obtains again two parts 
which he can place before and after the notion ‘‘movie.” 
He seems to be interested in stating the largest possible 
number of notions in two prongs which hold between 
them something else, quite in contrast to the speaker 
of English who states one notion after another in what 
seems to him the logical continuity of beads on a string. 
Now it seems to me that the German prong system 
and the English bead system are not simply two devices 
achieving the same result. The two systems reflect 
differences of reasoning; they correspond to different 
forms of thought. One senses the significance of all 
this when one reads a German book and finds that 
the prongs embrace not only individual phrases and 
sentences but paragraphs, chapters, and even the work 
asa whole. To put it in a somewhat exaggerated form 
at the risk of making a caricature of it: One sometimes 
has the impression that the first sentence of a German 
book makes sense only when one can take it in con- 
junction with the last, letting the two keep everything 
else in balance in between. , 

One notices a similar thing in the famous German 
adjectival clusters. When we say that ‘chlorine con- 
sists of two isotopes of atomic weights 35 and 37, so 
mixed as to give a mean value of 35.46,” a German 
might well feel that this conveys the completely erro- 
neous idea of a situation involving three steps: You 
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first have two isotopes; secondly, these get equipped 
with the atomic weights 35 and 37; and thirdly, you see 
to it that they are mixed in such a way as to yield a 
mean atomic-weight value of 35.46. If I may once 
again indulge my fondness for slight exaggerations, the 
German might well insist that the isotopes have their 
atomic weights and appear in a certain mixture before 
we start describing them, and so he might say that 
‘chlorine consists of two by the atomic weights 35 and 
37 distinguished and to a mean value of 35.46 mixed 
isotopes.” 

Please note that my examples were chosen from two 
very closely related languages. I leave it to your im- 
agination what would have happened if my ignorance 
had not prevented me from juxtaposing in a similar 
way, let us say an American Indian and an African 
Bantu language, or more simply Chinese and Irish. 

Once we appreciate that a switch from one language 
to another implies a switch from one system of thought 
forms to another, we are confronted with two possible 
avenues of argumentation. The one leads us back 
to where we started: The multiplicity of languages 
reflects a multiplicity of types and variants of culture 
associated with a multiplicity of types and variants of 
thought forms which lend man’s histories their en- 
chantingly kaleidoscopic versatility. Let us abandon 
this line, for the time being, to the general linguist who, 
when concerned with these matters, prefers to call 
himself a metalinguist. 

The second avenue of reasoning open to us at this 
point is still, in this age, fraught with questions which 
give it a dangerously speculative air. We note that 
various cultures in their maturity use various ways 
to exploit, in practical terms, the yield of their thought. 
If, now, the forms such thought assumes are related 
to language forms in so intimate a way that it turns 
out to be almost indifferent whether we talk about 
thought forms or language forms, then it should be 
possible to state that in all the specific practical achieve- 
ments of a civilization the language of that civilization 
is a conditio sine qua non. 

No one will be surprised if I state that Shakespeare, 
if he had been born a Choctaw, would not have produced 
what amounts to a Choctaw translation of ““The Works 
of Shakespeare” as we know them. No one will con- 
tradict me if I insist that Dante had to be an Italian 
in order to write “The Divine Comedy.” But what 
I mean to say goes a little further. If Lavoisier or 
Galileo or Helmholtz or Newton had been raised with 
Chinese as their mother tongue, they would not and 
even could not have done whatever it is they did. 

I chose Chinese advisedly as the language of compari- 
son, for I want it to be quite clear that I am not con- 
cerned with “high” and “low” levels of culture or 
civilization. Such distinctions may exist; it may 
even be conceivable that they are reflected in language. 
But at present I merely wish to assert that if Lavoisier, 
Galileo, Helmholtz, and Newton had spoken the 
language of a comparably mature yet different civi- 
lization, their thought would have yielded different 
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fruit. A tangible illustration of this point—and one 
not working with if’s and suppositions—is the history 
of gunpowder which seems to have been found indepen- 
dently in the Western world and in China. In the 
West one might trace a gapless continuity from these 
early beginnings of explosive tinkering to the hydrogen 
bomb. In China different thought forms led from 
fairly comparable beginnings to impressive pyrotechni- 
cal developments. 

It is a simple historical fact that all the bases of what 
we mean in this twentieth century by the terms science 
and technology are of occidental origin. I have sug- 
gested fairly boldly that this is so in consequence of 
language-rooted thought forms. I have admitted 
that such a relation between language and scientific 
and technological thinking is as yet hypothetical and 
speculative. But this can hardly weaken my argu- 
ment, for if some day the existence of such a relation 
can be traced in causal terms, we shall merely have 
found the explanation of the long established, clear-cut 
fact that the language and the underlying hierarchy of 
concepts in modern science and technology’ are occi- 
dental and specifically West European—of course in 
a sense in which the Americas are at present the 
stronghold of Western Europe. 


RELATIVE IMPORTANCE 


Now this question of language or languages in science 
needs to be looked at from a somewhat different and 
more pragmatic point of view. For brevity’s sake I 
may here refer to an excellent article which Dr. J. E. 
Holmstrom of the Department of Natural Sciences of 
UNESCO published under the title of “The language 
problem of science,” in the May, 1954, issue of Research. 
Holmstrom estimates that ‘at least one million scien- 
tific articles, reports, patents, and books are added 
to the world’s libraries every year, but that over 50 
per cent of these are written in languages which more 
than half the world’s scientists cannot read.” If 
we are interested in the importance of a particular 
language for science communication we cannot, of 
course, be impressed with the number of native speakers 
it can boast. Instead we must try to determine the 
number of scientists who can read it, regardless of 
whether it is their native tongue or was acquired by 
them later in life. Such a figure may then be said 
to represent one dimension of the importance of a 
particular language in science communication. The 
other would be the bulk of scientific literature published 
in it. 

Now it is, of course, most difficult if not altogether 
impossible to obtain reliable information on both the 
factors mentioned.. Holmstrom has devised a most 
ingenious graph in which he can show, with fair reli- 
ability at least, the relative magnitudes of the product 
of “number of scientists knowing a certain language”’ 
times “bulk of scientific literature published in it.” 
On the basis of the Holmstrom graph one may state 
with some objective assurance what a subjective guess 
would likewise have indicated. English is by far the 
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most important language in science communication. 
German and French are next in line. Russian lags 


much behind either, and Spanish and Japanese each — 


equal but a fraction of Russian. German, French, 
Russian, Spanish, and Japanese taken together do not 
come near the range covered by English alone. 

Following Holmstrom’s method one might try to 
establish similar scales for the importance of various 
languages for communication in the individual sciences. 
One may assume that in the case of chemistry, for in- 
stance, the general graph would be repeated without 
striking changes. In medicine there might be more 
of a change. But on the whole the Holmstrom graph 
reflects the situation in science generally, as also in each 
individual science, with as much precision as the avail- 
able data allow. 


INTERNATIONALISM IN LANGUAGE 


In sum, human intercommunication in general 
must cope with the problems resulting from mankind’s 
thousand and one autonomous languages. And human 
intercommunication in the sciences still has to reckon 
with the problems resulting from the use of a half-dozen 
or so major languages. Of these, English is by far 


the most important. It bids fair to grow in stature and 
the proposal that it be accepted as the exclusive lan- 
guage of international science communication would 
not seem to be farfetched. 

Yet, let us look at scientific English for a moment 
and choose chemical English as a more circumscribed 


example. As we look through any typical text in this 
field we find that it is partly chemical and partly 
English. The English is not particularly chemical— 
and the chemical is not particularly English. 

Even if we stick to a very elementary text we find 
words like nitrogen, oxygen, strontium, tonize, electrolysis, 
and thousands of others which we cannot consider 
English in the sense which applies to that much smaller 
contingent of terms like gold, silver, water, iron, etc. 

A very large percentage of our English chemical 
terminology is not specifically English but quite inter- 
national. This fact is so generally known that we are 
apt to accept it without any of the wonderment it 
really merits. The statement that chemistry as a 
branch of science is international and that hence its 
terminology has tended likewise to become international 
explains nothing whatever. The most international 
preoccupation of man—both as a technique and as an 
art—is doubtless love, but the terminology of love is 
not international at all. Or, if you prefer less flippant 
illustrations, take weaving or agriculture or war-making 
whose various national terminologies are likewise 
largely, if not completely divergent. 

It is both interesting and illuminating to compare 
the several branches of science with respect to the 
‘fnternationalism” of their terminologies. We are 
probably agreed that the terminology of chemistry is 
strongly international. That of physics or psychology, 
for instance, is much less so. On the other hand, an 
example of a terminology more international even than 
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that of chemistry is the terminology of medicine. 

The explanation of this latter fact is both simple. 
and rich in implications. The history of our medicine 
reaches straight back into the European Middle Ages 
when its language like that of any other intellectual or 
cultural pursuit was Latin—medieval Latin. That 
medicine clung to its Latin tradition perhaps more 
stubbornly even than theology is doubtless related to 
the advantages accruing to it from the hermetic aura 
of an exclusive professional jargon. A point to be 
stressed in this connection is that medieval medicine 
with its learned jargon of medieval Latin was not an 
international entity, and that medicine has kept its 
terminology in our day and age—when it zs an inter- 
national science—not in consequence of an international 
tradition, but rather because ‘of its link to medieval 
Western Europe which was culturally one and whose 
cultural language was Latin. Next to West-European, 
Latin-speaking medicine there were other medicines 
of which I need but mention the Arabic variety. Thus, 
we might formulate that the present terminological 
internationalism of medicine has its roots in the cultural 
homogeneity of medieval Europe. If we consider that 
as a cultural entity medieval Europe had many of the 
characteristics which we now regard as the distinctive 
traits of an autonomous nation, we may be forgiven 
the somewhat anachronistic application of the term 
‘nation’ to all of medieval Europe as a cultural entity. 
And that permits us toe claim that the terminological 
“internationalism”? of modern medicine has its roots 
in the “nationally’’ European medicine of pre-Ren- 
aissance times. 

The power of the one-nation tradition of Europe as 
expressed in its Latin homogeneity is manifest in the 
surviving power of Latin after the effects of Renaissance 
and Reformation had split Europe into the multi- 
national continent known to us today. 

Here chemistry offers a particularly striking picture. 
As a scientific discipline chemistry dates back no fur- 
ther than the eighteenth century, when the regional 
languages of Europe had long since attained cultural 
maturity and seemed to have succeeded in pushing 
Latin into the background. Indeed, the regional 
languages did assert themselves in the growing termi- 
nology of chemistry. There are at least two important 
factors which supported the regional trends in chemical 
terminology, threatening to impart to it the same 
chaotic multifariousness which we saw is characteristic 
of weaving, agriculture, and love- and war-making. 

The first of these factors is that in its origins chem- 
istry had much to do with kitchen-tinkering with 
common objects with readily available everyday 
names: salt, rust, air, iron, gold, etc. The second fac- 
tor is historical. Even though chemistry is a very 
young science, it did have a sort of ancestry in medieval 
alchemy. And it is a surprising observation that even 
during the Latin Middle Ages the shop talk of the 
alchemists was less generally Latin than held true 
for medicine, law, philosophy, and theology. 

The strong regional or vernacular trends in chemical 
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terminology constitute a grave obstacle for the free 
flow of international chemical communication. Some 
specific aspects of the situation were excellently dis- 
cussed by K. A. Jensen, of Copenhagen, in the paper, 
“Problems of an international chemical literature,” 
which he read at the Symposium on Chemical Nomen- 
clature before the Division of Chemical Literature of 
the American Chemical Society in September, 1951. 
[t seems to me that what is noteworthy in the picture 
delineated by Jensen is less the existence of strong 
vernacular trends than the fact that these trends have 
nowhere succeeded in winning out so that Jensen could 
iackle the job of making proposals for their elimina- 
tion without indulging in chimerical pipe-dreaming. 
None of his proposed reforms is radical. Each amounts 
to no more than a consistently systematic application 
of existing principles of an established international 
terminological tradition. 

It is, of course, convenient to label this tradition as 
“international,” but it behooves us to characterize it 
more clearly. When some German chemists tried 
to popularize the term Bléttersdure, they were support- 
ing the vernacular trend, but when the term lost out 
in competition with Folinsdéure, it was another con- 
firmation of the strength of internationalism. It is 
fairly rare today that a chemical neologism. comes 
from the vernacular. I, for one, am not aware of any- 


one’s ever having tried to find English, or German, or 
French terms for concepts like hormone, enzyme, and 


vitamin, though no one can claim that words like in- 
citant (for hormone), leavener (for enzyme), and life-need 
(for vitamin) would be disadvantageous from a purely 
English point of view. 

If, now, new terms like hormone, enzyme, and vitamin 
are not English in a strict sense, if we agree to label 
them as international because they occur in slightly 
varied forms in German, Danish, Italian, French, etc., 
we still need to ask whence they hail. They are not 
Latin or Greek. Neither the Greeks nor the Romans 
knew them. They were built in modern times by 
speakers of various national vernaculars. But, while 
you can hear that the internationally current term 
eigenvalue is of German origin, that sport is of English 
origin, that adagio is of Italian origin, you cannot hear 
or infer that the maker of the word statistics was a 
German or that vitamin was coined by an Englishman. 

These terms owe their vitality to. no national ver- 
nacular, yet the vague explanation that they are 
“international” is meaningless unless we clearly under- 
stand that they owe their existence to a linguistic 
tradition which once held all Europe together in one 
culturally homogeneous entity and kept an amazing 
strength long after, in superficial appearance, Europe 
had split up into nationally divergent regions with 
culturally valid vernaculars. 

I wish to propose that the epithet “international” as 
applied to the technical terminologies of chemistry 
and other branches of modern science be either replaced 
by, or at least that it be understood to be synonymous 
with “Standard European.” 


INTERLINGUA 


I have argued that science and technology in the 
current sense of the terms are strictly European in 
origin. I have restated the uncontested fact that, 
among the languages important in international scien- 
tific communication, English leads the field, followed 
at a distance by German and French. Joining these 
two strands, one will conclude not only that the English 
leadership in international science communication and 
the French and German importance in this field are 
possible only because these languages are European 
languages, but also, and more boldly, that they are 
wholly satisfactory vehicles for international science 
communication only in so far as they consist of borrow- 
ings from Standard European. 

It will be clear at this point that Standard European 
is a postulate. It is latently present in each one of the 
major European languages. It would be a tangible 
entity today if medieval Latin had been allowed to con- 
tinue its organic development away from its classical 
ancestor in an uninterrupted pan-European continuity. 

The postulate of a pan-European standard language 
is an idea that has slowly matured in the course of the 
past 50 years or so. It is perhaps true that I state 
it more consciously and radically than my predecessors, 
but more important is the fact that it is the support 
lent me by many of the pioneering ideas of the American 
linguist Benjamin Lee Whorf that gives me the courage 
to speak up so boldly. 

There have been over the years several groping 
attempts to codify Standard European under various 
names. Their series constitutes a development which 
has finally come of age in the linguistic system known as 
Interlingua. 

Interlingua is medieval Latin brought up to date. 
Interlingua is what the languages of Europe have in 
common; it is a completed form of the latent Stand- 
ard European thesaurus from which science and tech- 
nology draw the material for their so-called “inter- 
national” neologisms. And finally—if I may be per- 
mitted a somewhat rhetorical paradox—TInterlingua is 
the language from which English, French, and German 
appear to have borrowed those of their elements which 
make them fit to serve as media of scientific communi- 
cation on an international level. 

It should be made emphatically clear that Inter- 
lingua in scientific communication does not pose as a 
competitor of any of the great national languages. 
An expansion of the use of English, for instance, as a 
medium of scientific communication simplifies problems 
in the free flow of information, and must be welcomed. 
But Interlingua as a “purely pan-European” lan- 
guage supplements the national languages effectively. 
A summary in Interlingua attached to an English article 
makes the essence of that article accessible to scien- 
tists who do not yet know English. Attached to an 
article in Dutch or Finnish it frees their authors from the 
worry that the use of their native language would re- 
strict the appeal of their message to a very small 
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audience. In sum then, Interlingua summaries can 
liberalize the choice of language in scientific communi- 
cation and enlarge the potential international audience 
for all messages, regardless of what language they may 
use. 

A system of Interlingua abstracts or summaries 
appears, then, as the full equivalent of a system of 
multiple translations without any of the serious dis- 
advantages of the latter. Of these disadvantages the 
matter of cost is probably the least significant, while 
the notorious unreliability of multiple translations is 
often ludicrous and sometimes disastrous. 

It goes without saying that Interlingua is the more 
natural a medium of communication for a particular 
branch of science or technology, the more closely 
the corresponding terminology is already linked to the 
Standard European linguistic tradition. Conversely, 
the closer the dependence of a particular technical 
terminology on regional vernaculars, the less immediate 
will be the appeal of Interlingua communications in that 
particular field. 

Interlingua, plausibly enough, got its first chance to 
prove its mettle in the field of medicine. In the short 
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time since April, 1953, when Science Service took over 
the sponsorship of Interlingua, its use as a secondary 
editorial language for abstracts and summaries has been 
introduced in ten medical journals. On an even more 
ambitious scale it is functioning as a language accessible 
to all in the program of the Second World Congress 
of Cardiology. In this program all of the 340 papers 
presented at the congress are summarized in Inter- 
lingua. 

The usefulness of Interlingua in the other branches 
of science has been demonstrated only sporadically 
and occasionally, except for its constant use on the 
general testing ground of the monthly Interlingua 
edition of Science News Letter which Science Service 
publishes under the name of Scientia International. 

It seems reasonable to predict that as the service 
potential of Interlingua in international communication 
in other specialized branches of science and technology 
comes to be recognized, chemistry will be one of the 
first to follow in the footsteps of medicine. It has been 


the purpose of this paper to hint gently that such a 
development is desirable, particularly in the interest 
of chemistry itself. 


A MNEMONIC AID FOR ALDOSES! 


Ir THE D-aldoses (through the hexoses) are built down 
from p-glyceric aldehyde, there is formed a pyramid 
consisting of one triose, two tetroses, four pentoses, and 
eight hexoses. If, in each pair of compounds formed 
by adding one carbon atom to the one above it, the 
formula of the one with the OH group of the new 
asymmetric carbon atom on the left is written on the 
left and the other on its right, the names of the com- 
pounds will be in this order: 


Glyceric aldehyde 


Lyxose Xylose Arabinose Ribose 
Talose Galactose Idose Gulose Mannose Glucose Altrose Allose 


The position of each compound in this table is related 
in a regular manner to the configurations of the 
asymmetric carbon atoms. For example, the com- 


1 Presented at the Southeastern Regional Meeting of the 
American Chemical Society, Birmingham, Alabama, October, 
1954. 
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pound at the right end of each row has all of the OH 
groups on the right, and the compound at the left end 
has all OH groups on the left, except the bottom one. 

The following can be used to help remember the order 
of the names: 


(1) Write GATE 


(2) Write LXAR 

(This might be remembered as LIAR, 
with a stroke across the J to make it X.) 
(3) Write TIM 
(4) Add a @ after each of these 
(5) Add two A’s at the end 


The complete form is then 


R 
TGIG MG AA 


If there is difficulty in remembering which A stands 
for altrose and which for allose, it might be noted that 
when the last letter is reached, “that’s all’’ (allose). 
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Or rue numerous languages of Asia with their vast 
and ancient literatures only three need concern us, 
because only in them is there any considerable amount 
of chemical writing. They are, in order of impor- 
tance, Japanese, Chinese, and Arabic. 

I need not dwell here upon the great contribution of 
Japanese scientists to the progress of chemistry within 
the last 50 years; any reader of Chemical Abstracts 
is well aware of that. The chemist and the chemical 
librarian are confronted mainly by three problems when 
dealing with Japanese material. 

(1) First is the question of transliteration proper. 
This used to be very simple up to about 30 years ago, 
because both the Japanese themselves and the entire 
Germanic-speaking world (the United States, the British 
Commonwealth, Germany, Holland, and Scandinavia) 
used the so-called Hepburn system, in which, roughly 
speaking, the consonants are to be pronounced as in 
English and the vowels as in Italian. This is still the 
only system used in the above mentioned countries 
outside Japan. It is obligatory in the United States 
and Britain for libraries and for scientific as well as 
popular publications. I may dispense with examples 
here, since any glance at a daily newspaper shows 
enough Japanese names thus transliterated. Only one 
remark is necessary here: The length of a vowel is in- 
dicated by a dash over it, but, as this is inconvenient 
for typing, a circumflex is very often used instead. The 
real difficulty lies in the fact that the Japanese them- 
selves have been using, for about 30 years now, another 
system of romanization which appears quite often in 
their own English summaries and titles. They claim 
that this system is better adapted to render their own 
syllabic alphabet. For practical purposes, the main 
differences are these: ch, sh, and j before vowels other 
than 7 are written ty, sy, and zy; before 7, only é, s, and 
z. The syllable tsu is written tu, and fu as hu. Thus, 
the common surname Fujiwara appears as Huziwara 
—which does look quite different. Our libraries and 
most scientific publications ignore this system al- 
together and retransliterate according to the Hepburn 
system. 

(2) Formerly most Japanese journals had English 
subtitles, and all of them are commonly cited to this 
day by these English titles only. By now, however, 
many of them have dropped the English subtitles al- 
together and have often changed the original Japanese 


: Presented before the Division of Chemical Literature at the 
126th Meeting of the American Chemical Society, New York, 
September, 1954. 


THE TRANSLITERATION OF ORIENTAL 
LANGUAGES IN CHEMICAL LITERATURE’ 


137 


JOHN L. MISH 
New York Public Library, New York, N. Y. 


titles as well. This naturally leads to confusion. Most 
libraries have, therefore, adopted the system of cata- 
loguing in principle by the Japanese title only, with as 
many cross references as necessary for the English, or 
former Japanese, title. Thus, the Chemical Journal 
now appears as Nippon Kagaku Zasshi. 

(3) You were told at your meeting in 1952 what may 
happen when foreign names are transliterated into 
Russian, and then have to be retransliterated into 
English. The same difficulty, increased tenfold, ex- 
ists in Japanese, and in many cases it is downright im- 
possible to guess what name or word is meant. To 
give a few examples: reburan sodaho is Leblanc soda 
process; reuogurokosan is levoglucosan; chioarukoru 
is thioalcohol; etc. The reason is that Japanese does 
not know consonant clusters, nor the sound of 1, so 
that the amount of phonetically possible syllables is 
very limited. 

Similar difficulties beset the chemist when he has to 
deal with Chinese. The system of transliteration 
adopted here is the modified Wade-Giles system, ex- 
emplified by most dictionaries now in ‘print. The 
principle here is the same as for Japanese, viz., con- 
sonants as in English, vowels as in Italian. However, 
as Chinese phonetics are very difficult indeed, any sys- 
tem of transliteration is not even an approximation to 
the real pronunciation, but a series of conventional 
signs whose real meaning has to be learned specially. 
Suffice it to say here that the apostrophes after k, p, 
and ¢ are essential, because without them these letters 
are pronounced g,b,andd. Essential also is the umlaut 
on wi, because, for example, yu and yii are two entirely 
different sounds and words. But the real bane of 
Chinese transliteration is the custon? of many Chinese 
authors of using the dialect pronunciation of their 
names rather than the standardized “national lan- 
guage” or kuo-yii. Thus, no one but a sinologist could 
possible know that Mr. Wong Yat-lok is the same man 
as Mr. Huang I-lu! The Chinese ideograms are, of 
course, identical in both cases. Our libraries ignore 
dialectical variants completely, using only the stand- 
ardized reading. In the case of well known persons, 
a cross reference is made; e. g., “Sun Yat-sen, see 
Sun I-hsien.”” It must be remembered that both the 
Japanese and the Chinese put the family name first, 
although, to add to the confusion many authors use 
the western word order now when writing in English. 

What was said about the transliteration of foreign 
names into Japanese is still worse in Chinese, owing 
to the still greater phonetic limitations of that mono- 
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syllabic language. So k’o szu lo t’e for “‘Soxhlet” is but 
a mild example! The Chinese themselves are aware of 
this and often add the name in its original spelling. 

We now come to the last and, as yet, least important 
Oriental language in chemical literature, namely, Arabic. 
Here the difficulties are mainly twofold; first, the 
chaotic condition in the field of transliteration proper, 
and second, the lack of family names in most Arabic 
countries. There is no uniform system of romanizing 
Arabic yet, though our Library of Congress has adopted 
one which is now used by most libraries in this country. 
Unfortunately, it has proved impossible to do without 
numerous diacritical points in that language and, in 
addition, most Arabs prefer the phonetical rendering 
according to their local dialect to the standard pronun- 
ciation of written literary Arabic. The diacritical points 
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can be ignored for chemical purposes, but it is disconcert- 
ing when the standard name of Abd Allah Fauki, for in- 
stance, appears as Abdoullah Fowky on the title page. 
If the author does not write in his mother tongue it is 
usual to spell his name as he spells it himself; but if the 
name is given in the original Arabic a uniform trans- 
literation will have to be applied. Foreign names in 
Arabic also present a problem because this language 
does not write short vowels at all, and even in the case 
of the long ones cannot distinguish e from 7, nor o from 
u. Yet this is not half so bad as the above mentioned 
difficulties in Chinese and Japanese. 

In conclusion, let me say here that the main guide- 
posts for the transliteration of Oriental languages in 
chemical literature should be uniformity and clarity; 
philological niceties have no place there. 


EQUIPMENT’ 


Tue value of carefully selected lecture demonstrations 
as teaching aids in courses in general chemistry has 
long been recognized. The number of such demon- 
strations used and the elaborateness of their nature 
vary in different institutions. 


1 Presented before the Division of Chemical Education at the 
126th Meeting of the American Chemical Society, New York, 
September, 1954. 
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It is surprising to learn that, in spite of the accepted 
value of the demonstration as a teaching aid, “less 
than half of the teachers in beginning chemistry 
make use of lecture demonstrations.”’? Is the lack of 
demonstrations in instruction at certain institutions 
due to lack of time and/or space for preparation and/or 
storage facilities associated with such effort? 

The larger schools usually have specially trained, 
full- or part-time personnel whose duty is to set up 
and conduct the demonstration, and to remove the 
equipment for each of the several class lectures involved. 
Storage space is usually ample and elaborate. The 
instructor merely states his desires to the individual 
in charge of the demonstration equipment in advance, 
and generally has the requested items available and in 
working order at the time of the lecture hour. 

In contrast to this policy the faculty members in 
many of our smaller schools are often faced with a 
heavier (clock-hour) teaching load, limited time for 
assembling demonstration equipment, and varying 
storage facilities for the equipment when it is not being 
used. Usually little or no assistance is available for 
this work. 

As a result, the instructor in the smaller institution 
usually has to plan his demonstrations a day in ad- 


2 Chem. Eng. News, 32, 1439 (1954). 
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vance, and assemble the equipment in a position where 
it can be readily placed on the lecture table as well 
as removed at the end of a specific class period. At 
the conclusion of the day the equipment is disassembled, 


cleaned, and returned to such storage facilities as are 


available. In certain cases the time required for 
setting up and removing the equipment is such that 
the lecturer often decides against its use “‘rather than 
be bothered with it.’’ 

Such a procedure is ordinarily time-consuming and 
specific items of apparatus are sometimes broken, 
misplaced, or lost. 

The chemistry-department staff at East Tennessee 
State College, appreciating these conditions and prob- 
lems, recently considered a means of correcting such a 
situation. Adjacent to the lecture room (less than 
15 feet from the door) is a large stair well and landing 
leading up to a little-used attic. Midway up this stair- 
way is a landing, approximately 12 ft. wide, 9 ft. deep, 
and 15 ft. high, which was considered a suitable lo- 
cation for the construction of a wall storage cabinet to 
house lecture-demonstration equipment. 

Accordingly a set of cabinets containing 26 indi- 
vidual “‘bins’’ 21 in. deep, 15 in. high, and 16 in. wide 
were constructed of */,-in. lumber at small expense. 
In addition to the above bins, the cabinet included 
three double- and one triple-height compartments 
to house tall pieces of apparatus such as ringstands and 
supports. Since some of the demonstration equipment 
stored in this cabinet is rather costly, doors with lock 
hasps and padlocks were constructed to enclose the 
end sections of the unit. Keys to the padlocks are 
located in a central office and are available to all lecture 


v 


personnel. Figure 1 shows the storage unit with the 
end doors closed, while Figure 2 shows the same unit 
with the doors open. Each bin is numbered to conform 
with the number of the container to be placed there. 

The individual containers located in each of the 
numbered bins are fiberboard condensed-milk con- 
tainers, each of which has been enameled white and 
numbered on its exposed end. 

A card file (4 X 6-in. cards) contains a detailed de- 
scription of the items located in each of the numbered 
bins. Thus, by referring to the index cards which are 
arranged alphabetically by topic (from ‘Alkali Metals’’ 
through “Water Softeners,” “Zinc,’’ and ‘‘Zirconium’’) 
one is able to ascertain the nature of the items avail- 
able as well as their location in the storage cabinet. 

In certain cases specific items of equipment are too 
large to be stored in one of the smaller compartments. 
The index card covering such an item, describes the 
item as well as its location in one of the larger com- 
partments in the unit. Such an item has a small label 
“sticker’’ attached which indicates the numbered com- 
partment to which it should be returned following its 
use. Thus it is available in the proper place, for re- 
use. 

It has been found that this system of storing and 
cataloguing demonstration equipment improves the 
efficiency of setting up and dismantling demonstrations 


while making it possible for several different lecturers 


to use centrally stored equipment with a minimum of 
time and effort and duplication. All realize that the 
operation of this system requires rigid cooperation and 
proper (and punctual) return of items to their des- 
ignated positions. 
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ELECTRONEGATIVITIES IN INORGANIC 


CHEMISTRY 


Conrinven studies of chemical interpretive theory re- 
cently described'* have suggested a revision of 
atomic charge estimations as already indicated.** 
Specifically, an assumed ionicity of NaF of 75 per cent 
seems more satisfactory than 90 per cent as originally 
used. This change has no effect on relative values and 
their chemical significance, but results in the diminish- 
ing of previously reported charge values by the factor 
0.833. The choice is still arbitrary but it leads to 
more reasonable values, such as for the electronegativ- 
ities of some monatomic anions. For example, the 
fluoride ion, according to the basic ideas of these cal- 
culations, should have a lower average electronic den- 
sity than the isoelectronic neon atom, since the nuclear 
charge on the fluoride ion is lower than that of the 
neon atom. The SR value, or electronegativity, of 
fluoride ion should therefore be less than one. As 
originally estimated? this value was 1.59. Recalculated 
it is 0.76. Similarly, the value for chloride ion is 
changed from 1.08 to 0.31. 

For assistance in estimating partial charges by the 


1 SanvDERSON, R. T., J. Coem. Epuc., 29, 539 (1952). 
2 [bid., 31, 2 (1954). 
3 [bid., 31, 238 (1954). 


A Revision of Atomic Charge Data 


R: T. SANDERSON 
State University of Iowa, Iowa City, Iowa 


revised method, the table is presented. The change 
in electronegativity as an atom acquires unit charge 
has been found to be expressible as a function of the 
electronegativity of the neutral atom: 


= fV SRE (1) 


where ASRz-—-g~+ is the change with unit charge, and 
SRz is the electronegativity of the free element. The 
factor f is based on the assumed NaF ionicity, and is 
2.08 for 75 per cent but 1.73 for 90 per cent. Most of 
the A values of the table were determined from this 
relationship. However, for polyvalent atoms of 
valence n, the calculated change in SR for loss or gain 
of n electrons is approximately but not exactly n times 
the calculated change for the loss or gain of one electron. 
For greater accuracy in compounds where polarity is 
high, some of the values in the table are values of 
(ASR 

The partial charge on each atom of a molecule or 
ion is estimated by use of the table and the following 
equation: 

SRm — SRE 


(2) 


SR,, the stability ratio or electronegativity of the 


Data for Estimation of Charges on Combined Atoms 


log SRe A? 
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molecule (or ion), is the geometric mean of the electro- 
negativities of all the atoms before combining and there- 
fore is the electronegativity of E in the molecule. 
SRz is the electronegativity of the free element EF 
whose charge 6g in the molecule is to be determined, 
and (ASRg—m+)/n is the electronegativity change 
per unit charge. In other words, the partial charge 
on an atom is taken as the ratio of the electronegativity 
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change on combining, to the electronegativity change 
on acquiring unit charge. Intelligent application of 
charge information so obtained requires constant aware- 
ness of the fact that these estimated values are only 
those to be expected from initial electronegativity 
differences, and that other factors may also very 
significantly influence the overall charge distribution 
and properties. 


* REDUCING DUPLICATION IN HIGH-SCHOOL 


AND FIRST-YEAR COLLEGE CHEMISTRY 


Tue question, “‘Why do you repeat so much?” (1a) 
asked of the college teacher, has been debated publicly 
(1b) at least once, privately unnumbered times by 
high-school and college teachers of chemistry, and in 
print several times over the last thirty years. An- 
other vigorous and forthright indictment of the college 
position is given by Glasoe (2), the tone of which is 
suggested in the title of his first paper, “The deadly 
parallelism between high school and college courses 
in chemistry.”” The best defense of the college position 
is probably given by Ehret (3) under the title, “What 
I wish I could count on” (1b). Ehret suggested place- 
ment examinations as the feasible way out of the 
dilemma. 

Since the colleges have not found uniformity in 
what they could count on, many have done nothing 
to recognize a good job in the schools, and consequently 
the high-school teachers have never felt satisfied. 
It is probably fair to say that many college teachers 
never believed their own arguments, especially in 
view of the accumulated evidence that high-school 
chemistry is an important aid to success in college 
chemistry (4-10). 

Nevertheless, the two groups studying the “Inter- 
relation of high-school and freshman college chemistry” 
ut Kenyon College in the fifth annual Conference on 
General Chemistry did not agree on the fundamental 
issue of duplication. “Group B” was “not seriously 


1 Authors listed in last paragraph. 


“GROUP A,’’' SCHOOL AND COLLEGE CHEM- 
ISTRY TEACHERS MEETING AT KENYON 
— GAMBIER, OHIO, JUNE 26-JULY 2, 


(Prepared by Leallyn B. Clapp) 


concerned about the alleged danger of repetition for 


pupils who go on to college. The serious college stu- 
dent will surely profit by a reasonable amount of 
repetition.” “Group A,” on the other hand, suggested 
that “the subject matter of chemistry is so extensive 
that it should not be difficult to find material of value 
to the high-school student which is different from that 
given in first-year college, which will be interesting 
and stimulating both to those who go on to college 
and to those who do not, and which will give a solid 
background as a basis for the further thinking of the 
student in chemistry.” The concern of “Group A” 
culminated in suggesting the stud? of the chemistry 
of carbon compounds in high school with the intro- 
duction of enough fundamental concepts based on the 
chemistry of other elements to make this possible. 
This suggestion to avoid overlapping in high-school 
and college chemistry does not appear in the literature 
(11-15) although at least one school® has offered or- 
ganic chemistry for many years, apparently as a second 
course. 

While many high-school and college general chemistry 
courses now contain sufficient organic chemistry 
to give an appreciation of the multiplicity of carbon 
compounds, this was not the philosophy behind the 
suggestion of “Group A.” Instead, the entire course 
was to be centered on the chemistry of carbon com- 


_ 2 Central High School, Philadelphia, Pennsylvania. See H. J. 
ABRAHAMS, J. CHEM. Epuc., 24, 244 (1947). 
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pounds and no inorganic substance was to be intro- 
duced except when it was necessary to understand 
the chemistry involved. 


SUGGESTED COURSE 


With this in mind, “Group A” suggested the fol- 
lowing course outline or list of chapter headings as a 
possible guide to accomplishing this end. The order 
is not meant to be rigid. (One member of “Group A” 
suggested that Chapter 7 should follow Chapter 4.) 


Chemistry of Carbon Compounds for High Schools 


Atoms and molecules (Gay-Lussac,; Avogadro, Dalton) 
Formulas, molecular weights, equations 

Structure of the atom 

Bond formation (types, rule of two, rule of eight) 
Reactions (chemical change, inertness, energy, etc.) 
Solids, liquids, gases (structure, separations, solubility, 


etc.) 
Periodic table 
Carbon, combustion 
Homologous series, alkanes 

10. Alkenes, alkyl halides 

11. Alkynes 

12. Alcohols and water 

13. Ethers 

14. Functional group isomerism, structural proof of an organic 

compound 

15. Acids and esters 

16. Aldehydes and ketones 

17. Oxidation-reduction 

18. Amines and ammonia 

19. Acids and bases 

20. Nitro compounds 

21. Aromatic hydrocarbons 

22. Stereoisomerism (evidence and proof of tetrahedral struc- 

ture of carbon atom) 

23. Carbohydrates 

24. Amino acids and proteins 

It was anticipated that Chapters 1 to 7 would take 
approximately 13 weeks in a 36- or 40-week year and 
Chapters 8 to 24 the remaining time. While the 
chapter on aldehydes and ketones itself could be made 
to last four or five weeks, it appeared desirable at least 
to reach the point where the influence of one functional 
group on another (carbohydrates, amino acids) could 
be contemplated. The chemistry of at least ten 
functional groups seemed a minimum for an appre- 
ciation of organic chemistry. 

The existence of a family of organic compounds 
might be introduced with the following hypotheses: 
(a) carbon always has four bonds; and (b) carbon 
may be joined to other carbons in single, double, and 
triple bonds. These hypotheses would receive some 
defense in Chapter 14 and be rigorously proved in 
Chapter 22. There are more defensible ways of in- 
troducing the tetrahedral carbon’ but this suggested 


3 From a geometric viewpoint, the properties of a tetrahedron 
and joined tetrahedra could be deduced. The deductions about 


isomeric carbon compounds could then be proved congruent to 
the deductions made about the geometric figures themselves, but 
this method appears rather abstract for high-school students. 
As long ago as 1920, N. R. CampsE xt, ‘“‘Physics—the Elements,” 
Cambridge University Press, London, p. 225, suggested that the 
study of chemistry might well be started with stereoisomerism. 


JOURNAL OF CHEMICAL EDUCATION 


method takes into account the principle of economy 
of explanation. Some of the danger inherent in build- 
ing a house before the foundation is laid can scarcely 
be avoided in any beginning course if the first chapter 
is not interminably long. 

The order of presentation of the chemistry of func- 
tional groups (Chapter 9 and succeeding ones) was 
suggested as follows: nomenclature, preparation, 
physical properties, chemical properties, uses. The 
emphasis on particular chapters would, of course, 
depend on the taste of the teacher. 

Attention is called to the fact that the chemistry 
of alcohols and water and amines and ammonia could 
be presented concurrently, a desirable procedure. 

The difference between oxidation number and co- 
valence (valence) is much easier to put across with 
organic examples than with elements involving vari- 
able valence. Balancing oxidation-reduction equa- 
tions with organic compounds as reducing agents 
and a limited number of inorganic oxidizing agents 
has been found to give students more confidence in 
their own ability to handle this type of exercise than 
the use of inorganic examples alone. 


ADVANTAGES 


While the suggested course includes the fundamental 
concepts desirable in a terminal course as well as in 
a college preparatory course, it has the following addi- 
tional advantages: 

(1) A stimulus to the high-school teacher is pro- 
vided by a fresh approach to chemistry and his en- 
thusiasm will be reflected in heightened student in- 
terest. The cream will not have been taken off the 
beginning course for the college teacher by the high- 
school teacher who has done a good job. 

(2) Emphasis of size and shape as important factors 
in chemical reactions is made in carbon chemistry. 
It would be well to have this emphasis before the stu- 
dent reaches general chemistry where these factors 
are now recognized as increasingly important. 

(3) Carbon chemistry can offer numerous and in- 
teresting examples of substances met in daily life, 
e. g., plastics, medicinals, fibers, dyes. 

(4) Molecular properties of acids such as HONO,, 
S0.(OH)2, and CH;COOH are emphasized previous 
to their ionic properties. Some mistaken notions 
about properties of acids can thus be circumvented. 

(5) Some pitfalls of variable valence are avoided. 

(6) Although arithmetical problems could and should 
be included, the student who is frightened of numbers 
would be less seriously handicapped by the proposed 
course than by the conventional one. Problems in- 
volving the number of isomers in any homologous 
series of a given chain length should prove fascinating 
even to a sophisticated high-school student; problems 
in stereoisomerism should be intriguing. 

(7) Thought and careful control in laboratory ex- 
periments are required; experiments are not the 
“filling-in-the-biank” type of exercise. 
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OBJECTIONS 


The members of “Group A” foresaw certain ob- 
jections to the proposal but anticipated at least par- 
tial answers to these objections. 

(1) Duplication is simply shifted to a more ad- 
vanced level. 

College organic chemistry is now taught largely 
from the point of view of reaction mechanisms and, 
therefore, the duplication is more apparent than real. 
In any case, the over-all duplication would be less, 
since the number of students reaching organic chem- 
istry in college is much smaller than the number taking 
general chemistry. 

(2) The plan might involve additional expense 
and new equipment for the laboratory. 

Experiments using semimicro techniques might 
obviate the need for certain special equipment and 
reduce the cost of glassware. 

(3) No quantitative work is afforded. 

Quantitative experiments are available for such a 
course, e. g., the Dumas molecular weight determi- 
nation, neutralization equivalents, and others in ad- 
dition to some traditional quantitative experiments 
which could be offered in the first part of the course. 

(4) There may be increased danger from fire. 

While the danger is recognized, careful choice of 
experiments, the use of semimicro techniques wherever 
possible, and general care on the part of the instructor 
would minimize this aspect. Of course, some in- 
organic experiments are also dangerous. 

(5) No suitable textbooks and manuals are avail- 
able. 

If the suggested course is worth while, texts and 
manuals would be forthcoming. “New” courses are 
always given first without formal texts. 

(6) Teachers are not qualified to offer such a course. 

The course will admittedly not be of interest to all 
high-school teachers of chemistry and would not be 
feasible for others to try. Many teachers are properly 
qualified, however, and should be encouraged to try 
the “experimental method” on a high-school course 
in chemistry. 

After the meeting at Kenyon College, one member 
of “Group A” in discussion with his colleagues at 
Ohio State raised another objection: 

(7) The first course in chemistry should not be such 
a small fragment of the science, that is, the chemistry 
of one element (carbon) regardless of the importance 
of that element. 


AUTHORS OF THE REPORT 


The original report was prepared by “Group A,” 
studying the “Interrelation of high-school and fresh- 
man college chemistry” at the Central States Session 
of the fifth annual Conference on General Chemistry 
sponsored by the Committee on Teaching of College 
Chemistry of the Division of Chemical Education 
of the American Chemical Society at Kenyon College, 
Gambier, Ohio, June 26-July 2, 1954. The par- 
ticipants in “Group A” (listed below) were six high- 
school and seven college teachers of chemistry who 
chose this topic for discussion at the Kenyon College 
Workshop. The report was redrafted for publication 
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A CROSSWORD PUZZLE OF CHEMICAL HISTORY 


W. H. SLABAUGH and E. L. CUMMINS 
Oregon State College, Corvallis, Oregon 


and 8. Author of famous ‘“Sunto” 
distributed at Karlsruhe in 1860 

Metal discovered in 1917 by Hahn 
and Meitner 

Wohler’s synthesis 

Metal represented by Jupiter (al- 
chemy) 

Salt crystallizing on the stakes be- 
neath a draining trough of salt 


Alkali element isolated by Sir 
Humphry Davy 

Inventor of the mass spectrograph 

A plant employing nature’s own 
Haber process 

Any performance in which the per- 
former has no partner or associate 

Source of acetic acid 

Early use for hydrocarbons 

Any device used to measure a physi- 
cal quality 
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Metal discovered by spectrographic 
methods by Richter in 1863 

State of being absent 

American Standards Association 

An adult sexually mature insect 

Boyle’s first name 

Metal named by Klaproth in 1798 

Figure formed by two intersecting 
planes 

A speck 

Improper use 
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Trade name for a detergent 

Materia Prima according to Prout 

One of the rare-earth metals 

Narrates 

Freezing point of water 

Beverages produced by “top fer- 
mentation” of malt liquor 

To corrode a metal such as by an 
acid or by oxygen 

Suffix indicating superlative of an 
adjective 

Asiatic unit of length 

Secondary amine in which two hy- 
drogen atoms are replaced by a 
bivalent radical 

A college professorship in chemistry 

A strip or pillar of ore left to support 
a working gallery in a mine 

Invites 

Founded a system of chemical 
philosophy which was later dis- 
credited 

An edible shrub of Japan and China 

He published the first e. m. f. series 

A member fastening parts together 
and receiving tensile stress 

A pronoun 

A lump of melted glass 

A small island captured from Japan 
in World War II 

The man who preceded Wohler in 
study at the home and laboratory 
of Berzelius 

King of Bashan (Biblical) 

To apportion 

A wheeled vehicle 

First person to distinguish between 
vegetable and mineral chemistry 

Metal discovered in 1803 by Ten- 
nant in the residue left when 
crude platinum was dissolved in 
aqua regia 

The man who discovered oxygen 

A rare inert gas 

A beast of burden in South America 

The heaviest known element 

Damp 

Affirmative 

Natural storage reservoir for casein 

An impervious layer which is used 
to prevent oxidation of iron 

Metal of the manganese family sup- 
posedly discovered in 1924 

Metal discovered in 1817 by Ber- 
zelius 

Another metal of the manganese 
family discovered in 1924 

Compounds formed by the replace- 
ment of the acid hydrogen of 
acids by hydrocarbon radicals 

A dye obtained by the action of bro- 
mine on fluorescein 

Prefix indicating the presence of an 
NO: group 

Unit of measurement in gravimetric 
analysis 

A vertical pole 

He made the first scientific observa- 
tion of osmosis 

A metal of the rare-earth group 

Soaks in water 

Unit of volumetric analysis 

Williamson’s synthesis 


Organic substances which catalyze 
the process of digestion 

Negative 

Element whose atomic number is 


A white poisonous protein in the 
castor bean 

A negatively charged particle 

Attributed to low molecular weight 
fatty acids 

Formulator of the law dealing with 
the effect of temperature on gases 

Father of electrochemistry in Amer- 
ica 

Tool used in quantitative analysis 


Down 


A salt of sulfuric acid 

Prepared a type of cell used in 
measuring osmotic pressure 

A type of insect which transmits 

yellow fever 

Fastened 

A word coined by Richter 

The lightest alkali metal 

Insects which produce formic acid 

Without foresight 

Smallest parts of an element 

An inert gas 

Metal used by Volta in the con- 
struction of the pile 

A French alchemist who claimed to 
have found the philosopher’s 
stone 

Investigated by Mme. Curie 

Suffix indicating that a substance 
is a carbohydrate 

Element named by Mme. Curie for 
her native country 

Indiscriminate of kind 

Payment as the price of protection 

Nonprecious metal known to an- 
cient people 

Want 

Basis of the German dye industry 

Metal whose oxide is used in the 
manufacture of white pigments 

Organs irritated by mercaptan 
compounds 

Type of acid 

Most advantageous 

College administrative officer super- 
vising a school 

Suffix used in forming the names of 
enzymes 

Suffix denoting an alcohol 

Geoffroy showed this metal to be 
distinet from lead in 1753 

Lavoisier’s name for nitrogen 

Organ of hearing 

L plus type of organic compound 

Early theory of combustion 

Agricola produced a handbook on 
this topic 

Bird of the cuckoo family 

Exists 

Sir Humphry Davy proved that 
there was no oxygen in this ele- 


A prefix signifying “away from” 
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Collaborated with Frankland in the 
discovery of certain lines in the 
spectra of the sun which they at- 
tributed to an unknown sub- 
stance which they called helium 

A part of the “quintessence” 

Egyptian goddess 

Covered with small figures 

A precious metal 

Berzelius used this compound to 
explain dualism 

Metal used as a catalyst for de- 
hydrogenation 

Form of “to be” 

Silliman that founded the first 
truly scientific journal in the 
United States 

Senseless 

A special section of the periodic 
table is set aside for this type of 
earth metals 

Food prepared from the taro root 

A noun suffix indicating the dimin- 
utive 

Cereal grain whose hulls are used 
in the manufacture of furfural 

A quantity of matter 

Second most abundant element on 
the earth 

A baby carriage 

Auther of “Famous Chemists” 

Portion of a radio set that receives 
impulses 

Famous for maximum of human 
patience applied to quantitative 
analysis 

Swords 

Flightless bird 

In that manner 

Not permitted (abbreviation) 

Electrical unit named after a Ger- 
man physicist (1787-1854) 

Suffix used for salts formed fiom 
acids ending in -ic 

Element having a positive valence 

Unit of weight 

A rare-earth metal 

Factor sometimes present in the 
blood 

A type of flower 

Toward. 

Experimented with X-ray diffrac- 
tion 

A printer’s measure 

Suffix indicating an animal 

First name of movie actress whose 
name was given to the self-in- 
flating life jacket 

Element first prepared by Berzelius 
in 1823 

A charged particle 

A precious metal 

Element discovered in 1802 by 
Eckeberg 

Metal prepared by Davy in 1808 

A suffix denoting that the element 
is present in its highest valence 

Obstetrics 

Alkaline-earth material first iso- 
lated by Davy in 1808 


(See page 163 for solution.) 
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THE GRIGNARD REAGENT REACHES THE 


FRESHMAN . 


. 

How do you know that the atoms in organic mole- 
cules are arranged as you claim them to be? Why do 
you insist that alcohol must be written 


rather than 
H H 


or simply C;H,O?” These are questions, and logical 
ones, that the inquiring student asks of his instructor 
when introduced to organic chemistry in his general 
chemistry course. To help satisfy such curiosity, the 
experiment described in this article has been de- 
vised, and though far from ideal, it may provide ade- 
quate answers to students’ questions concerning the 
structure of molecules. 

As a preface to the suggested experiment, a brief his- 
torical background will help the student better under- 
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Figure 1. Apparatus for Generating and Collecting Methane 


Methyl si Iodide and Alcohol 
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stand the nature of the problem. For example, the 
following information concerning Grignard’s discovery 
in 1900 will set the stage for the performance of the 
experiment. 

Victor Grignard, a famous French chemist, dis- 
covered in 1900 that metallic magnesium suspended in 
diethyl ether reacts readily with methyl iodide and 
similar compounds (the alkyl halides), according to the 
equation, 


H H 
Mg + ether 
—> 


methy: esium 
iodide 


The Grignard reagents, of which methylmagnesium 
iodide is typical, are very reactive and enter into a wide 
variety of useful reactions. They yield hydrocarbons 
when brought in contact with water, alcohols, organic 
acids, and substances in general containing a hydroxyl 
group. Methylmagnesium iodide gives methane. 


H H 
H H 
H—¢—Mg—t + + RO—Mg—I 
H 
+ RCOOH ——> 


H 
+ RCOO—Mg—I 


After the historical introduction, the student should 
be encouraged to review and thoroughly understand 
the following principles. The problem given will help 
him in his review. 

The percentage composition of a compound is de- 
termined by an appropriate analysis or synthesis. The 
molecular weight can be determined by various means 
such as the vapor density method (weight of 22.4 liters) 
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and the molal lowering of the freezing point (for water- 
soluble solutes, grams of solute in 1000 grams of water 
that causes a depression of the freezing point of 1.86°). 
From the percentage composition and the molecular 
weight, the number of each kind of atom in the mole- 
cule can be calculated. The valences of carbon, oxygen, 
and hydrogen are, respectively, 4, 2, and 1. In a 
structural formula for an organic molecule containing 
these elements, one must show four valence bonds for 
each carbon atom, two valence bonds for each oxygen 
atom, and one valence bond for each hydrogen atom. 
Problem: A certain organic compound upon analysis 
was found to contain 37.50 per cent carbon, 50.00 per 
cent oxygen, and 12.50 per cent hydrogen. One liter of 
the vapor corrected to standard conditions weighs 1.42 
grams. Question: What is the molecular weight? 
What is the molecular formula? Draw the structural 
formula. Is there any other feasible structure for this 
molecule if the above mentioned valence requirements 
for C, O, and H are fulfilled? 

In preparation for the actual experiment to determine 
the volume of methane obtainable from methyl- 
magnesium iodide when it reacts with ethyl alcohol, the 
apparatus, with slight modifications, is quite similar to 
the one used frequently in general chemistry laborato- 
ries for determining the density of oxygen. (See Figure 
1.) The end of the dropping pipet is so drawn out that 
it is easily inserted into the rubber stopper, yet forms a 
gas-tight seal as it is further inserted through the 
stopper. The glass tubing from which the pipet is 
constructed should be large enough to make a tight 
fit with the rubber bulb. 

A modified buret needs to be constructed with an ori- 
fice that delivers approximately 100 drops of absolute 
alcohol per gram. (See Figure 2.) This buret is used 
in determining the weight per drop of alcohol. 

Preparation of Methylmagnesium Iodide. Sweep out 
a 500-ml. three-neck flask equipped with stirrer, reflux 
condenser, and dropping funnel, with dry nitrogen gas.! 
Place 60 ml. of di-n-butyl ether? in the flask with 9 
grams (0.37 mole) of magnesium turnings. Start the 
stirring* and add dropwise from the dropping funnel a 
solution containing 47.3 grams (0.33 mole) of methyl 
iodide dissolved in 40 ml. of dry di-n-butyl ether. 
Cooling with an ice bath may be necessary if the reac- 
tion becomes too vigorous. The stirring is continued 
throughout the addition and for one: additional hour. 
Decant the reaction mixture from the unused magne- 
sium and dilute with 200 ml. of di-n-butylether. The 
reagent is now ready for use. It is approximately one 
molar. There is sufficient reagent‘ for about fifty 
determinations. The reagent keeps well if kept 
tightly stoppered and cool. 


1 A drying tube to keep moisture from the reagent may be used 
satisfactorily in place of sweeping out with dry nitrogen. 

? The di-n-butyl ether is dried over metallic sodium. 

* Stirring is not absolutely necessary, but the reaction qnixture 
should be shaken frequently if no stirring is used. 

‘ Since the reagent is some bother to prepare, the suggestion is 
made that one individual prepare enough for the entire class, if 
the experiment is to be done by students. 


147 


As to the performance of the experiment itself, a 
graduate assistant may conduct it, or the students 
themselves may carry it out. Procedure for the 
teacher or the student would then be as follows: 

Place the heavier of two crucibles on the left-hand pan 
of the balance, and balance it with the lighter crucible 
plus bits of paper. Now place a one-gram weight on 
the right-hand pan. Fill’ the special buret with abso- 
lute alcohol. Place a 30-ml. beaker under the tip of 
the buret and open the screw clamp so that the alcohol 
comes out dropwise. Enough time must elapse be- 


J t 
SCREW 
CLAMP 
PORCELAIN 
CRUCIBLE 
—-— 


Figure 2. Special Buret Assembly for Determining Weight per Drop of 
Alcohol 


tween drops to allow the experimenter to remove one 
receptacle and slip another in its place (a couple of 
seconds). As soon as the flow has been regulated, re- 
place the beaker with the crucible and count out, say, 
70 drops. As the seventieth drop reaches the crucible, 
replace the crucible with the beaker. The screw clamp 
is not closed in this operation. Very likely the 70-drop 
sample will not balance the one-gram weight. Con- 
tinue to add 10-drop portions until you have determined 
approximately the number of drops required to equal 
one gram. In your trial run suppose you find that be- 
tween 110 and 120 drops are required per gram. After 
emptying the crucible and wiping it with a dry cloth run 
in 110 drops and check the weight. Now add the al- 
cohol one drop at a time, checking the weight after 
each drop. The screw clamp is not closed during these 
operations. The drops of alcohol should be flowing out 
slowly enough to give time to exchange the beaker and 
crucible between drops. The average of several runs 
should be taken as the correct value. 


5 The buret should be kept rather full. It is conveniently filled 
from a dropping pipet having a rubber nipple attachment. 

6 A dropping pipet with a rubber bulb could be used to meas- 
ure out the alcohol but this is a tiring process; besides, the drops 
are apt not to be as uniform in size when delivered by finger 
pressure as when delivered by the pull of gravity through the tip 
of a buret. 


TABLE 1 
Summary of Data 


Drops of alcohol per gram 
Wt. in grams of each dro 
Drops of alcohol in sample 
Grams of alcohol in sample 
Volume of water displaced 
Temperature of water 
Vapor pressure of water 
Barometric pressure 
Corrected pressure 
Volume, methane, corrected to STP 
Moles of methane 

Moles alcohol used 


9.00248 moles 


With the apparatus assembled, the buret constructed, 
and the reagent prepared, you are now ready to continue 
the experiment. Detach the 30-ml. reaction bottle. 
Nearly fill the 500-ml. Erlenmeyer flask with water. 
Stopper tightly. Open the pineh clamp momentarily 
and fill the siphon tube with water by blowing through 
the other tube. Make sure that the apparatus is gas- 
tight. Adjust the flow of alcohol from the buret and 
collect a dozen drops or so in the 30-ml. bottle by the 
method described previously. Connect the - bottle, 
making sure that it is fitted snugly. Remove the 
dropping pipet and fill it with the methylmagnesium 
iodide reagent. Carefully reinsert the pipet through 
the stopper. This operation should be done quickly if 
there is a tendency for the reagent to run from the tip 
of the pipet. Next place an empty beaker under 
the end of the siphon tube and remove the pinch clamp. 
Now bring the reagent contained in the dropping pipet 
in contact with the alcohol by slowly pressing the rub- 
ber bulb. Reaction starts immediately. Shake the 
reaction mixture oecasionally. The bettle becomes 
warm. After a few minutes all gas evolution stops. 
Allow to cool. Adjust the water levels in the beaker 
and in the flask and apply the pinch clamp. Measure 
the volume of water collected in the beaker, which of 
course represents the volume of methane generated. 
Since it requires such a short time to perform the :ex- 
periment, repeat it two or three times, or until your 
technique is good. A typical set of data is illustrated 
in Table 1. 

Table 2,’ relating moles of alcohol used and the cor- 
responding moles of methane produced; illustrates the 
sort of precision one may expect. 

Such data indicate that for every mole of alcohol 


7 These data were obtained by three different experimenters. 


TABLE 2 
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treated with methylmagnesium iodide, a mole of 
methane is liberated. The following questions have 
been useful in developing an appreciation of the struc- 
ture of the ethyl alcohol molecule: 

(1) How many H atoms are needed to convert the 
methyl group in CH;MglI into CH,? What is the 
source of this H atom? A molecule of ethy] alcohol 
contains how many H atoms? Are all of these used in 
the production of methane? How many are used? 
Does your answer suggest that possibly one of the H 
atoms is not employed in the same manner as the other 
H atoms in building the alcohol molecule? Draw a 
structural formula for alcohol in which you show one of 
the H atoms to be differently attached than the others. 
Your formula, remember, must satisfy the valence re- 
quirements of four bonds for C, two for O, and one 
for H. 

(2) Compare the equations for the action of water 
and of alcohol on methylmagnesium iodide. What 
product is common to both reactions? Does this in- 
dicate a similarity in structure between water and 
alcohol? 

(3) Does water contain a hydroxyl group? Using 
the formula HOH, write the equation for the action be- 
tween sodium and water. Alcohol also readily yields 
hydrogen with sodium. What group is present in 
water that evidently is also present in alcohol? 


SUMMARY 


Methylmagnesium iodide reacts with alcohol, liberat- 
ing methane gas. Of the six H atoms in the alcohol 
molecule, only one of them is utilized in joining up with 
the methyl group of methylmagnesium iodide. This 
fact suggests that the alcohol molecule has the struc- 
ture 


H 
H 
if the valence requirements of C, O, and H are 
maintained. 

This experiment has been helpful in our freshman 
chemistry courses, satisfying the commendable curi- 
osity of the student who wants the answer to ‘‘why is 
the formula 


for alcohol ruled out?”’ 
“Why is the formula 


| 
the only satisfactory ne?” It has been our experi- 


ence that the prineigles and techniques are not beyond 
the freshman level. 
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GLASS EVOLUTION: A FACTOR IN SCIENCE’ 


Av vue risk of repeating what I may have said on a 
former occasion, I quote from the writings of Doctor 
Samuel Johnson (1709-1784), to wit: 


Who, when he saw the first sand or ashes by a casual intenseness 
of heat melted into metallic form, rugged with excrescences and 
crowded with impurities, would have imagined that in this shape- 
less lump lay concealed so many conveniences of life as would in 
time constitute a great part of the happiness of the world? Thus 
was the first artificer in glass occupied, though without his own 
knowledge or expectation. He was facilitating and prolonging the 
enjoyment of light, enlarging the avenues of science, and confer- 
ring the highest and most lasting pleasures; he was enabling the 
student to contemplate nature and beauty to behold herself. 


Whether Doctor Johnson referred to the accidental 
discovery of glass in ancient times by Phoenician 
sailors,? or to some other origin is not material. The 
consequent “prolonging the enjoyment of light, en- 
larging the avenues of science... enabling the student 
to contemplate nature” are pertinent to this topic. 

The early Egyptians produced bottles and flasks, the 
former similar in appearance to some modern bottles, the 
latter shaped like our “Erlenmeyer” and “Florence” 
flasks. What bottles and laboratory flasks mean to 
science, you know. Even glass beads, originally made 
for adornment, serve in percolator columns and prevent 
bumping of boiling liquids. The early bottles and 
flasks were, at times, covered with papyrus and wicker- 
work to prevent breakage. That principle still obtains, 
and now plastic coatings are also applied. 

The Chinese Emperor Shun (about 2283 B.c.) is said 
to have used a telescope to study the comets. Whether 
the lenses were rock crystal or glass is not indicated, 
but since rock crystal (noncrystalline, water-clear 
quartz) is native to China and the art of optical glass 
making was hardly known as yet, the lenses were prob- 
ably quartz. In any event, the Chinese must have been 
proficient in grinding and polishing this hard mineral 
(from which they also created objets d’art), thus antici- 
pating similar procedures for the optical glass which 
was to follow much later. The Chinese sculptures on 
glass and jade snuff bottles furnish further evidence of a 
mastery of engraving which then probably involved the 
use of thongs and hard bits instead of grinding wheels. 

In Egypt threads of glass were wound around hot 
glass cores of various shapes.* This means that the 
drawing of hot glass into rods and threads must have 
been known, and that the Egyptians anticipated glass 


1 Presented before the Division of History of Chemistry at the 
126th Meeting of the American Chemical Society, New York, 
September, 1954. 

2 Puiny, “Historia Naturalis,” Johannes de Spira, Venice, 
1469, Vol. XXXVI, p. 26. 

3 Ricuter, G. M. A., “The Room of Ancient Glass,” Bulletin 
of the Metropolitan Museum of Art, 1911. 
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fiber formation, though their methods could not even 
approximate our mechanical systems. Little could 
they have dreamed how we would draw and blow the 
fibers on a gigantic scale, or that we might use glass 
wool as a filter in the laboratory. 

With the invention of the blowpipe, about 100.B.c., 
greater flexibility was possible. Earlier glass had been 
melted over cores, or cast. Molds for blown glass were 
first used in Sidon about this time and Alexandria was 
an important center for blown glass. The contribution 
of the blowpipe and the blowmold to the future of 
science is incalculable. Later examples will elaborate 
these contributions. 

The glass industry had flourished in Egypt in early 
times because of an abundance of sand and natron in 
the valleys about Memphis. Limestone also occurred 
nearby. Wood and charcoal served as fuel. In 
England “sea-coal”’ (pit coal) was first introduced much 
later; in fact an exclusive patent was granted to one 
Robin Mansel in 1635 for its use. Oil, manufactured 
gas, natural gas, and electricity were used much later. 
Heat conservation followed. Glass not only advanced 
science, but benefited by its applications in glass 
formulas, the composition and design of melting units, 
the control of oxidation and reduction, of draft, of 
temperature. 

The Chinese Emperor Shun has already been men- 
tioned as viewing the comets through a telescope about 
2283 s.c. The great scholar Democritus (460 B.c.) 
recognized that the milky way was made up of number- 
less stars and later (245 B.c.) Plautus wrote of the use of 
magnifying glasses and spectacles. As early as 1300 a 
law was enacted in Murano which imposed punishment 
for the sale of ordinary glass for eyeglasses, for a pure 
colorless glass was made for that purpose. Greek en- 
gravings were often so delicate that lenses must have 
been employed in their execution. We are told by 
Humphry Prideau, an English oriental scholar of the 
seventeenth century: ‘““When Alexander the Great con- 
quered Babylon (330 B.c.), Callisthenes, the philosopher 
who accompanied him, found astronomical observations 
from 1903 years back, 2233 B.c. to that very time.”’ 

King Sapor of the Persians (260 A.D.) possessed a 
celestial sphere so large that through it he could ob- 
serve the motion of the stars. In 1605 the Dutch 
optician Johann Lippersheim invented the telescope. 
In 1590 his fellow countryman Zacharias Jansen al- 
ready had invented the compound microscope, possibly 
anticipating the telescope. As Lewis Mumford so 
aptly puts it: 


One invention increased the scope of the macrocosm; the other 
revealed the microcosm; between them, the naive conceptions 
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of space that the ordinary man carried around were completely 
upset; one might say that these two inventions, in terms of the 
new perspectives, extended the vanishing point toward infinity 
and increased almost infinitely the plane of the foreground from 
which those lines had their point of origin.‘ 


If this was true for astronomy and microscopy, 
certainly it had to be true for chemistry and physics 
whose advances were so largely due to the availability 
of that durable and versatile material, glass. Even 
the electron microscope with its magnetically focused 
beam must have glass parts. And what of photography, 
and glass on which volumes have been written? And 
the in vitro of bacteriology? 

A large greenish bow] of King Sargon (722 B.c.), in the 
British Museum, was cast in one piece and shaped, 
hollowed, and engraved with a turning instrument 
whose marks still show. Consider the evolution of 
melting, casting, and perfect grinding and polishing 
since then, which brought us the 120-in. Jena reflector 
of the Lick Observatory and the 200-in. Corning reflector 
of the Palomar Observatory, the latter carrying us 
many galaxies beyond past astronomical knowledge. 

Enamels usually are soft glasses, though some modern 
coats are very hard. The Persians were familiar with 
the art of glazing and were noted for their wonderful 
enamels centuries before the beginning of the Christian 
era. The Behistun rock, whose natural limestone be- 
neath was badly eroded, yielded its secrets only because 
the surface inscriptions had been preserved in a glaze. 
Modern enamels on china, earthenware, tile, glass, and 
metals are the hardy descendents of ancient practices, 
whose crude minerals and primitive ovens have given 
way to modern chemicals, kilns, and decorating lehrs. 
Modern laboratory porcelain is an ‘‘enamel-child.” 

Biblical literature beginning with ‘Job’ makes refer- 
ence to the “looking glass” but there is no indication as 
to how mirrors were made. Aristotle tells of backing 
glass with metallic foil to produce mirrors. Toward the 
beginning of the Christian era Rome began using lead- 
backed mirrors. In 1317 mirrors were made in Venice 
with a backing of tin amalgam. In 1855 Petitjean, in 
France, invented a process for depositing silver on 
glass from an ammoniacal solution of the nitrate, by 
tartaric acid. Though modified in many ways, the 
principle is still applied, now yielding practically perfect 
mirrors on a large scale. What this development has 
meant to the microscope, the telescope, and the 
periscope is well known. Safe indirect operations of 
atomic fission plants depend largely on mirrors and 
periscopes. Modern control of silvering is so perfect 
that transparent silver mirrors of various densities are 
possible. The electrically sublimated, transparent 
chromium mirrors are of the present century, as are the 
aluminum mirrors with their continuous-spectrum 
reflection. In the field of psychology, effects of the 
mirror are best described by Mumford: 


4 Moumrorp, Lewis, “Technics and Civilization,” Ist ed., 
Harcourt, Brace & Co., New York, 1935, p. 126. 
5 MumrorD, Lewis, zbid., p. 128. 
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If the outward world was changed by glass, the inner world 
was likewise modified. Glass had a profound effect upon the de- 
velopment of the personality; indeed, it helped to alter the very 
concept of the self. 

In a small way, glass had been used for mirrors by the Romans; 
but the background was a dark one, and the image was no more 
plain than it had been on the polished metal surface. By the 
sixteenth century, even before the invention of plate glass that 
followed a hundred years later, the mechanical surface of the glass 
had been improved to such an extent that, by coating it with a 
silver amalgam, an excellent mirror could be created. Tech- 
nically this was, according to Schulz, perhaps the highest point 
in Venetian glass-making. Large mirrors, accordingly, became 
relatively cheap and the hand-mirror became a common pos- 
session. 

For perhaps the first time, except for reflections in the water 
and in the dull surfaces of metal mirrors, it was possible to find 
an image that corresponded accurately to what others saw. Not 
merely in the privacy of the boudoir; in another’s home, in a 
public gathering, the image of the ego in new and unexpected at- 
titudes accompanied one. The most powerful prince of the seven- 
teenth century created a vast hall of mirrors, and the mirror 
spread from one room to another in the bourgeois household. 
Self-consciousness, introspection, mirror-conversation developed 
with the new object itself; this preoccupation with one’s image 
comes at the threshold of the mature personality when young 
Narcissus gazes long and deep into the face of the pool—and the 
sense of the separate personality, a perception of the objective 
attributes of one’s identity, grows out of this communion. 

The use of the mirror signalled the beginning of introspective 
biography in the modern style: that is, not as a means of edifica- 
tion but as a pieture of the self, its depths, its mysteries, its inner 
dimensions. The self in the mirror corresponds to the physical 
world that was brought to light by natural science in the same 
epoch: it was the self in abstracto, only part of the real self, the 
part that one can divorce from the background of nature and the 
influential presence of other men. But there is a value in this 
mirror personality that more naive cultures did not possess. If 
the image one sees in the mirror is abstract, it is not ideal or 
mythical: the more accurate the physical instrument, the more 
sufficient the light on it, the more relentlessly does it show the ef- 
fects of age, disease, disappointment, frustration, slyness, cove- 
tousness, weakness—these come out quite as clearly as health 
and joy and confidence. Indeed, when one is completely whole 
and at one with the world one does not need the mirror: it is in 
the period of psychic disintegration that the individual personality 
turns to the lonely image to see what in fact is there and what he 
can hold on to; and it was in the period of cultural disintegration 
that men began to hold the mirror up to outer nature. 


Just before the Christian era Pompeii cast panes that 
were used there and Jater in Rome for lighting baths, 
greenhouses, etc. Some panes were as large as 2 ft. 
8in. X 3ft.8in. In the twelfth century Theophilus, a 
Saxon monk, described a process for blowing a window- 
glass cylinder by hand, then cracking off the ends by 
winding hot glass threads about the cylinder, next crack- 
ing it lengthwise by applying a hot bar on the interior, 
and finally opening and flattening the cylinder in an 
oven. The Lubber’s 30-ft., mechanically-drawn cylin- 
der came centuries later and of course the continuous 
flat glass processes followed that. But what is impor- 
tant on this occasion is the shelter and the light that the 
scientist enjoys in his laboratory and the manufacturer 
in his plant. Aeneas Sylvius de Piccolomini observed 
that in 1448 half the houses of Vienna already had 
windows. Long before this, churches had colored and 
stained-glass windows. Glass has had a profound in- 
fluence on architectural design. In Bois-le-Duc, in 
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1385, flowers were grown in “glass pavilions turned to 
the south.’”” These were the forerunners of the more 
modern hothouses and conservatories employed for 
scientific plant culture and control. In Holland much 
of the fruit is grown under glass, and in America every 
housewife has heard the grocer speak of “hothouse 
tomatoes.”” Again Mumford has said, “To have light 
in the dwelling house or the hothouse without being 
subject to cold or rain or snow, was the great contri- 
bution to the regularity of domestic living and business 
routine.”” The glass window helped to “‘put the world 
inaframe.’’® Little did the early users dream that the 
world would literally be framed and brought to all 
of us through the camera, the motion picture, through 
television. And do you think Prince Roupert dreamed 
that his explosive glass drop would evolve into a 
tempered plate-glass door in a modern skyscraper? 
Sheet glass of a neutral tone (namely, glass which ab- 
sorbs light without distorting color, absorption up to 
85 per cent or even higher if wanted) is specified for new 
school buildings to shield the eyes of pupils against 
sunlight and glare. Some architects also specify it for 
industrial construction. In a sense this type of glass 
is not new. Neutral lenses for sunglasses (but of a 
lower degree of absorption) have been in use for some 
years. They are modifications of the so-called Crookes’ 
lenses, or smoked glass. 

Lamination, or plastic reinforcement of glass, came 
after that Frenchman had lined a laboratory flask with 
collodion to protect the glass against chemical attack, 
only to drop the flask and find that the fragments 
adhered to the evaporated film on the interior of the 
flask. What laminated glass means to our safety and 
security in transport, in banks, in industry, and in the 
laboratory is certainly common knowledge today. 

Double glazing, the use of hollow glass tile, fiber glass, 
foam glass for insulation in modern construction make 
temperature and humidity control and air conditioning 
possible in the home, in the factory, and in the labora- 
tory. Metal-jacketed and plastic-imbedded fibers 
serve to insulate modern aircraft. 

About the fifth century a.p., in Byzantium, gold leaf 
was applied to glass, tooled artistically, and then 
covered with another layer of glass, as in the Christian 
cemetery glass found in Roman tombs. During the 
nineteenth and early twentieth centuries gold leaf, 
silver, and aluminum leaf were affixed to a first gather 
on a marver, then blown to spread the foil irregularly, 
and covered with a second layer. About 1925 narrow 
aluminum ribbon was melted onto the surface of plate 
glass in a continuous pattern. Electrically heated, the 
plates were used in radiant stoves. Chemicals like tin 
salts are now used also, affording transparent heating 
elements. These are used in automobile windshields, 
and in low-temperature laboratories to prevent frost 
formation and ice accumulation. Metallic patterns 
(called printed conductors) are replacing wires in hear- 
ing aids and other electrical devices. All of the prin- 
ciples involved in applied conductors are in use in 
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industry and in the laboratory. On the other hand, 
glass as a dielectric serves as an insulator on telegraph 
poles, power lines, etc. 

The diamond was introduced for cutting glass during 
the reign of Francis I (1494-1547) in France. Small, 
hard-steel cutting wheels and tools came much later. 
Both have advanced scientific severing and drilling in 
industry. Abrasive wheels, diamond powder suspen- 
sions, ultrasonic vibrating tools fed with abrasives 
suspended in water are the successors to older grinding 
and polishing materials. The last-named tools will 
drill square holes and make impressions and cuts of 
any kind in glass.’ 

Rolled plate was invented at the Saint Gobain factory 
in France in 1688 by Lucas de Nehou. The principle 
has become continuous with simultaneously consecutive 
grinding and polishing of both sides of the plate. 

In 1824 Robinet tised the air pump for blowing glass. 
This was the forerunner of automatic blowing ma- 
chinery. Compressed air and oxygen for softening glass 
for the blowing and shaping of apparatus followed. 

In 1839 Gaudin® prepared fibers and shot of fused 
quartz, and in 1869 Gautier made tubes of fused quartz. 
The modern electric furnace (pressure-vacuum type) 
yields clear, molten fused quartz. Translucent 
(bubble-containing) and clear quartz are available in 
unlimited quantities. Quartz or high-silica fiber now 
is made in California by chemically leaching glass fibers 
and reheating them, applying the leaching principle 
that converts borosilicate glass into Vycor. These 
high-silica products have found large outlets in insulat- 
ing aircraft, and in the laboratory and industry. Oxy- 
acetylene melts have yielded synthetic rubies, sapphires, 
and special glasses for jewel bearings. Kaolin has been 
melted, blown, and drawn into fibers. Special higher- 
temperature fibers are on the way. High-silica (leached 
or fused quartz) containers serve as crucibles and as 
larger melting units for special glasses like the phos- 
phates. One of these products is the dosimeter,® an 
aluminum - barium - potassium - silver metaphosphate 
glass which is worn suspended about the neck like a 
locket, and which indicates degree of exposure to harm- 
ful radiation after the small disc is exposed to blacklight 
(near ultraviolet) and then viewed, through a special 
orange-glass filter to render the disc visible. Intensity 
of white light, seen through the filter, indicates degree 
of exposure. Other phosphate glasses are the colorless, 
iron-containing heat filters and the hydrofluoric acid- 
resistant type. 

The first successful optical-glass factory in France 
was operated prior to 1805 by P. L. Guinand & Son. 
J. Frauenhofer joined them in 1811 but after two years 
went to Germany to pioneer the industry there. 
Bontemps, Parra, and Mantois” were among the early 


7 “Even a key can cut through the ‘unmachinable’ with new 
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AND R. A. Lewey, “Dosimetry of X-rays and gamma-rays by 
radiophotoluminescence,” J. Appl. Phys., 22, 1483 (1951). 
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French optical-glass makers. Saint Gobain’s Parra- 
Mantois factory near Paris is named in honor of the 
last two. In 1848 G. Bontemps left France to join 
Chance Brothers of Birmingham, England, where he 
developed an optical-glass industry. It is interesting 
to note in passing that the “burning glass” of Joseph 
Priestley has evolved into modern research equipment 
for utilizing solar energy. 

Although “flint’”’ (lead) glass had already been used 
in Rome and Phoenicia to imitate precious stones, be- 
cause of its high index of refraction and play of light, 
it came into more extensive use in England about 1720 
for manufacture of hollow ware. In 1770, the British 
began the geometrical prismatic cutting and polishing 
of flint glass. Thus far the world had just two glasses: 
crown (lime) glass of low refractive index, and flint 
(lead) glass of higher refractive index. Air is assigned 
an absolute refractive index of 1.000275" (approxi- 
mately 1.000). For silica glass (Na radiation), it is 
about 1.458; for three-component lime glasses (in- 
cluding potash as well as soda) np ranges from 1.5072 to 
1.5508; for three-component lead glasses, from 1.5023 
to 1.6509. Barium may be substituted for lead. Non- 
silicate glasses may have a higher np (1.6968 to 
1.8037).!2. Studies of refractive index and dispersion 
have yielded important glasses for optical use. Har- 
court,!* an English clergyman, began experiments in 
1834 on optical glass. He labored for 25 years and 
made about 200 melts, including borate and titanium 
gasses. By combining these with crown glass he 
produced lenses giving no secondary spectrum. 

But optical glass received its real stimulus in Ger- 
many in 1878 when the physicist, Ernst Abbé, published 
a paper in which he indicated that the slow progress 
made by Harcourt in England, and by Frauenhofer in 
Germany was due to limited means available and sug- 
gested that researches be subsidized. The writer of 
this paper proposed an American Glass Foundation in 
1943, to study the fundamentals of glass science, but 
it did not materialize. One has only to scrutinize the 
published properties of glass-making materials'* to 
realize how many physical properties of common chem- 
icals and minerals remain undetermined. Fortunately 
the Manufacturing Chemists Association set an ad- 
mirable example recently by subsidizing institutional 
research on the physical properties of chemical sub- 
stances. As the result of Abbé’s article, Otto Schott, 
a young German chemist later to become the world’s 
leading chemist in the glass field, joined him at Jena 
Only the compounds of about half a dozen elements had 
previously found their way into optical glass. During 
the next quarter of a century Schott and Abbé added at 
least 25 more elements to the list, and today almost all 
known elements are found in glass. Within 10 years 


11 Morey, G. W. “Properties of Glass,’ 2nd ed, Harcourt, 
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14 “Tata on Chemicals for Ceramic Use,” N. R. C. Bulletin 
118, Washington, 1949. 
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of the time of Schott’s association the Jena plant an- 
nounced 50 glasses possessing new optical properties. 

Color filters and transmitters are available for prac- 
tically every part of the spectrum from X-rays, which 
pass through lithium-borate glass but are stopped by 
high lead and tungsten glasses, through near ultraviolet 
which passes through nickel-cobalt glass filters (black 
light) but is stopped by fairly high cerium-containing 
glass. There is a glass for practically every desired 
transmission and absorption from gamma- and high- 
energy X-rays,” through neutrons,’ the short waves, 
invisible, the normal visible portion 4000 to 8000 A 
(including the sodium vapor lamp), and beyond into the 
long waves; many of these glasses are charted." And 
speaking of absorption and transmission, we must not 
forget the red flasks for vitamin C assay, the ultraviolet- 
transparent flasks for controlling culture growths, etc. 
There are substances like cerium, uranium, and 
neodymium which cause certain glasses to fluoresce, 
and other additions which prevent their fluorescence. 
There are filters whose transmitted light stops the 
fluorescence; others whose transmitted rays enhance 
it. There is a possibility that bottle manufacturers 
may change their slogan “See What You Buy; Buy 
It in Glass” and advocate the use of specially colored 
glass for special purposes. We already use brown and 
blue bottles for certain pharmaceuticals. Some of our 
porcelain plants use colored glass windows to prevent 
growth of molds which would discolor on firing. 

Discovery of the thermometer at various times after 
1560 is accredited to Galileo, Francis Bacon, Santorius, 
Van Helmont. In 1621 it appears under the name of 
the Dutchman, Cornelius van Drebbel, who has also 
been credited with the invention of the compound micro- 
scope which some claim, as previously stated, was the 
product of Zacharey Jansen. Where would modern 
science be without these? 

In 1883 Schott began the study of thermometer 
glasses from which the famous 59'"' borosilicate glass 
evolved. In the writer’s student days and early teach- 
ing period every chemist knew these thermometers 
which were imported from Germany like the Jena 
laboratory ware. Today we have thermometers and 
laboratory ware of our own manufacture. Jena used 
the low-expansion laboratory ware for lamp chimneys, 
also. American oven glass speaks for itself. The story 
of Jena glass is revealing.® 

Early in the seventeenth century, in Germany, 
Henry Schwanhart is said to have mixed “fluorescent 
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emerald’ (presumably fluorspar) with nitric acid to 
etch glass. He probably liberated hydrofluoric acid 
whose discovery was accredited to Scheele, the Swedish 
chemist, in 1771. The significance of the application 
of hydrofluoric acid for the etching of lamp bulbs, 
photographic “ground glass,” and calibrated ware of all 
types is great. 

In 1677 Johann Kunckel produced gold ruby glass. 
It is claimed that Neri!® had already dissolved gold in 
aqua regia for this purpose at the close of the sixteenth 
century. Centuries later Siedentopf and Zsigmondy” 
published their interpretation. Photosensitive glasses 
in which gold and various other substances produce 
color, opalescence, etc., under short-wave and heat 
treatment have been developed by Corning scientists, 
and are covered by numerous U. S. patents issued in 
1943 and ensuing years. Results are not merely 
artistic; they may also be mathematically accurate 
for scientific and industrial application. 

In 1816 a Doctor Fusch, of Munich, prepared potash 
water glass. The use of modern sodium silicates is so 
great that a large industrial manufacture is in operation. 

At the turn of the present century, Leopold Blaschka, 
born in Aicha, Bohemia (then Austria), in 1822, and 
his son Rudolf produced glass replicas of ‘‘160 families 
of flowering plants of North America, 540 genera, 803 
species. There are more than 3200 magnified de- 
tails,’”’?! all made by hand, in the exact coloring of the 
living plants. Their perfection is almost unbelievable, 
probably the greatest ever achieved by human hands. 
While the Blaschkas died without imparting their skills 
to others, a number of American museums employ 
artisans who prepare display models in glass and 
plastics. 

The grinding of glass was also perfected in Bohemia. 
While it began with the grinding of edges of drinking 
glasses, it was extended to the grinding of perfect- 
fitting glass stoppers and other parts. Our ground glass 
stopcocks and interchangeable parts have evolved. 

The bottle industry was the first industrial enterprise 
in the American colonies, with a plant about a mile 
frem Jamestown in the Colony of Virginia about 1607. 
Aside from their commercial significance, the laboratory 
just could not operate without bottles, jars, vials, and 
their many modifications as to shape and composition. 

In 1827 a carpenter of Sandwich, Massachusetts, 
devised a process for pressing glass. Pressed ware had 
previously been imported from England.?? Our drop- 
reaction plates and other laboratory pressed units are 
products of this process. 

With the manufacture of kerosene from petroleum in 
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the 1860's the lamp chimney industry began. Labora- 
tories previously illuminated by candlelight now en- 
joyed oil lamps. Then came natural gas with the 
Welsbach incandescent mantel in its heat-resisting 
glass chimney; the Nernst glower; the incandescent 
carbon and tungsten lamps, the varied fluorescent 
mercury lamps, the iron arc, the carbon and mercury 
ares, all dependent on envelopes of special glasses, and 
on Vycor and fused quartz. And what about radio, 
radar, television, X-ray, beta-ray, and other special 
bulbs? 

The fluorescent lighting tube brings up the subject of 
glass tubing. Originally drawn by hand from a hot glass 
bubble on a blowpipe into tubes 30 or 40 feet in length, it 
is now drawn continuously (horizontally and vertically) 
in all sizes and diameters from the smallest laboratory 
tubing to some even four inches or more in diameter. 
Its use in the laboratory, in ampoules and tube vials, 
and in bulbs of various designs is so extensive that the 
natural sciences, psychology, and sociology just could 
not operate satisfactorily without glass tubing; and what 
would medicine do without the hypodermic needle? 
For wineries and for milk pasteurization tubing is ideal, 
and one may find 15 miles or more in a single plant. 

The old additive factors of Winkelmann and Schott, 
English and Turner, and Mayer and Havas have been 
supplanted by newer data based on a knowledge of 
molecular, atomic, and ionic radii, supplemented by 
experimental observation.** Additive factors for other 
physical properties have also been improved. 

Even our concepts of valence have been influenced by 
glass. The glass technologist refers to glass formers, 
like silicon, which are surrounded by oxygens in the 
tetrahedra of the glass network; and glass modifiers, 
like sodium, which fit into open spaces or broken places 
in the network. An aluminum atom may replace a 
silicon in a tetrahedron, and when this happens a 
calcium atom may replace a sodium as a glass former. 
Originally we had Si‘+ + Nat = 5. Now we have 
Al’+ + Ca?+ = 5. This accounts for the possibility 
of increasing lime in glass batches of higher alumina 
content, long a practice, but not understood until 
recently.”4 

Glass evolution has carried us from the old water- 
and sand-filled hourglasses to glass-protected watches 
and innumerable other devices of the highest precision 
in every field of measurement. Modern instrumenta- 
tion depends on glass. 

Finally, the writer thumbed through the 900 illus- 
trated pages of a recent laboratory apparatus catalogue. 
Only 175 of these pages carried illustrations that were 
free from glass apparatus or glass parts. This alone 
provides evidence of the dependability of science on 
what has evolved in the glass field. 


23 Sun, K.-H., anp A. SttverMan, “Additive factors for calcu- 
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crystal lattices,” J. Cuem. Epuc., 19, 16 (1942). 
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° A LABORATORY OZONIZER 


Iw rue construction of laboratory ozonizers employing 
the Berthelot tube (1), extensive glasswork involving 
large-diameter tubing is necessary. Furthermore, it 
is customary to immerse these units in an external 
water bath which serves as one high-voltage electrode 
and also cools the apparatus. Where extensive use 
justifies their permanent location, such large units 
give excellent service. However, for laboratories need- 
ing ozone infrequently, a smaller, self-contained, and 
more easily constructed ozonizer might be more de- 
sirable. 


End Assemblies of the Ozonizer 


Simpler types of ozonizers have been described 
(5, 6), but in these no provisions for electrode cooling 
have been made. Henne and Perilstein (2) describé 
a successful Pyrex ozonizer featuring an integral water- 
jacket electrode and a recycling of the oxygen a second 
time through the region of electrical excitation. Their 
ozonizer is fabricated from Pyrex tubing and, as is the 
case in the construction of Berthelot tubes, consider- 
able glasswork is necessary in its assembly. 

We have employed an ordinary Pyrex West con- 
denser and Pyrex tubing in the construction of an oz- 
onizer of the Henne-Perilstein type. This unit, shown 
in the figure, is simply constructed from stock ma- 
terials, may be mounted in any position, is compact, 
sturdy, and provides controlled amounts of ozone for 
many laboratory operations. 

Oxygen, dried by bubbling through a sulfuric acid 
tower and regulated by means of a needle valve, is 
metered through a flowmeter and enters the ozonizer 
at A, passing the length of the water jacket through 
the tube connected to the fitting A. The mixture of 
oxygen and ozone formed in the first pass then re- 
verses its direction of flow through the electrode area 
and is emitted at B. The ozone may be passed into 
a collection assembly or released into a hood or ozone 
destroyer. By means of a simple _ball-and-socket 
joint or standard taper connection, the collector may 
be coupled to the ozonizer. The central electrode C 
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consists of a 4-mm. Pyrex tube filled with mercury 
and connected to a high-voltage transformer at D. 
Electrical contact with the mercury is obtained by 
means of a removable cork’ stopper through which 
a small bolt or other suitable conductor has been 
passed. The electroded tube is filled with mercury and 
the stopper is then inserted into its open end in such 
a manner that no air bubbles are trapped in the mer- 
cury column. The other high-voltage terminal leads 
into the water-jacket by means of a soft-glass connec- 
tion EZ, into which a platinum wire has been sealed. 
Cooling water enters the apparatus at F and exits 
at ZH. The ozonizer is supported upon a wooden stand. 
A 110-volt neon-sign transformer whose secondary 
(center-grounded) delivers 30 milliamps at a potential 
of 12,000 volts was employed to produce the silent 
discharge. 

General Operation. All glassware in contact with 
ozone was cleaned prior to operation. Ground-glass 
fittings were sealed with small amounts of silicone 
grease applied only at the outside extremities of each 
fitting so that a minimum amount could contaminate 
the inside of the ozonizer. Water was allowed to flow 
through the condenser until a constant temperature 
had been attained, meanwhile passing oxygen through 
the apparatus in order to displace all air; the trans- 
former circuit then was closed and ozone was collected. 

Calculation of Yield. In the estimation of per- 
centage yields at various rates of oxygen input, flow 
rates were indicated by a conventional differential 
manometer. For each flow rate the time necessary 
to introduce 200 ml. of oxygen into the apparatus was 
calculated; during this time the ozone was bubbled 
through a 5 per cent KI solution, contained in two 
collection flasks connected in series. The solutions 
from both receivers were then combined, acidified 
with 5 per cent H,SQ,, and titrated with 0.01 M 
NaS.0;. Linear starch indicator solution (3, 4) 
was used. Duplicate titrations were run at each flow 
rate, and the average yield of ozone in each pair was 
used in the calculations. The average variation from 
the mean of these ozone yields in these duplicate 
titrations was +3.7 per cent. At 25°C. and at a flow 
rate of 2 1. per hour, approximately 2 per cent of the 
entering oxygen was converted to ozone. At flow 
rates lower than this, a yield of 4 per cent was approached 
as a limiting value, while at higher flow rates, con- 
version was less complete. Optimum yield, in terms 
of moles ozone delivered per unit time, was achieved 
at flow rates in the vicinity of 8 to 10 1. of oxygen 
per hour. 
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THE MATHEMATICAL COMBINATION 


BEER’S LAW 


In Most elementary and advanced texts on quantita- 
tive analysis, as well as books dealing specifically with 


- colorimetric analysis, Beer’s law and Lambert’s law 


are integrated separately. The combined form—the 
so-called Beer-Lambert law equation—is then stated 
as the result of “combining the equations for Beer’s 
law and Lambert’s Jaw,” with no attempt to carry out 
the combination in a mathematically correct manner. 
The following scheme is proposed, based upon the total 
differential of a function of two variables. 

Consider light of intensity J° incident upon an ab- 
sorbing solution of concentration C and thickness l. 
The intensity of the light at any point along its path 
through the solution is a function of C and I only, and 
this function has a total differential, 


ar = (27) a + (3) ac (1) 


But by Lambert’s law 


and by Beer’s or Bouguer’s law 


Substituting these equations into equation (1) and mul- 
tiplying both members of the resulting equation by 
—] ; 
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—dI = Ki dl + K.J dC (2) 
Dividing both members of equation (2) by J, we have 
=a = + K.dC (3) 


This equation is to be integrated from | = 
when J = J,tol = 1,C = C when] = J. 


(C.D 
Ki dl + dC (4) 
0 


The member on the right of equation (4) is a line 
integral which by Green’s theorem reduces to 


dl me een (5) 


If K, and K, are linear functions of C and 1, respectively, 
the above equation becomes 


I Cc 
To 0 0 


where k, and kz are constants defined by dK,/dC and 
dK,/dl, respectively. Performing the indicated integra- 
tion and setting (k,; — ke) equal to K, 


=0 


I 


which is the well known form of the combined Lambert- 
Beer equation. 
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* FRANKLIN PEALE‘S VISIT TO EUROPE IN THE 


MINT SERVICE’ 


F’ranxun Peare’s father, Charles Willson Peale, was 
born April 15, 1741, in St. Paul’s Parish, Queen Anne 
County, Maryland. One of the best known portrait 
painters of his era, he had lessons from Copley of 
Boston, Benjamin West of London, and others. He 
painted sixty portraits of Washington. Hardly less 
significant of his devotion to art were the names given 
his sons: Raphael, Rembrandt, Titian, and Rubens, 
and to his eldest daughter Angelica. The chi'd in 
whom we are interested was born October 15, 1795, in 
the hall of the American Philosophical Society, where 
Peale’s Museum was then located. Some weeks later 
his father brought him there again, that a name might 
be suggested for him. And so we meet Franklin Peale, 
who on January 24, 1833, wrote from Peale’s Museum 
in Philadelphia to ask a position of Samuel Moore, then 
director of the United States Mint. 

The first mint in this country was established in 
Boston “in 1652 when, by order of the Court, shillings, 
sixpences, and threepences were to be struck.... 
John Hull, a silversmith, was placed in charge of the 
minting” (6). Just this spring a plaque has been erected 
in Rahway, New Jersey, on the site where were minted 
the first New Jersey “horse head’ coppers (1786). 
They were the first authorized coins to bear the legend 
e pluribus unum. These coppers were coined under 
a state contract but by private contractors. The 
act of April 2, 1792, definitely established the United 
States Mint by law “for the timebeing”’ at Philadelphia, 
then the capital. David Rittenhouse was the first 
director and many were the difficulties he encountered. 
By 1833, though, matters had progressed to a point at 
which Dr. Moore was anxious to learn of improved 
methods from the well established Paris Mint and the 
Royal Mint of London. 

Although at first Dr. Moore saw no opening at the 
mint for Peale, we find a letter: 

University of Virginia 
February 15th, 1833 
Dear Sir, 


You ask me my opinion of the qualifications of Mr. Franklin 
Peale, for such a trust. I answer, by giving him my most un- 
hesitating recommendation. I do not know any man more 
likely to succeed in such a mission. His skill, his perseverance, 
his address all fit him for the errand. His knowledge of the 
mechanical art would, I am confident, enable him, at the same 


1 Presented before the Division of History of Chemistry at the 
126th Meeting of the American Chemical Society, New York, 
September, 1954. 


SISTER ST. JOHN NEPOMUCENE, S.N.D. 
Trinity College, Washington, D. C. 


time, to bring you valuable information on the subject of coining, 
etc. 
Very faithfully yours, etc. 
R. M. Patterson 


Dr. Patterson, son of the fourth director of the mint, 
was to succeed Dr. Moore as sixth director. 

As of the date of May 6 of the same year, there is a 
19-page letter of minute instructions from Dr. Moore 
to Mr. Peale, enclosing copies of the latter’s appoint- 
ment as assistant assayer, at the salary of $1000 a 
year, as well as copies of letters from the secretary of 
state, and of the treasury, to government representa- 
tives abroad, notably to Mr. Harris, chargé d’ affaires 
of the United States at Paris. Some direct quotations, 
consecutive but not continuous, will be the best method 
of presenting Mr. Peale’s assignment: 


The prominent subjects of enquiry for which this mission has 
been recommended, are, as you are aware, the improved process 
for separating gold and silver, and the assay of silver by thehumid 
mode. In addition to these an attentive notice of the combina- 
tions of machinery and manipulations, employed in any of the 
operations of foreign mints, coming within your observation, will 
claim your regard, together with whatever practices may have 
been approved of on long experience of their utility, for promoting 
economy in the establishments, where very extended supplies of 
bullion present many advantages for determining what is best. 
Various minor points will also be mentioned as they have occurred 
to myself on reflection, or been suggested by the officers of the 
Mint, and others will present themselves to you in the progress 
of your observation while abroad. 

1. The process of separating Gold and Silver from each other, 
or, as it is more neatly denominated, gold and silver parting. 
This as you know-is the process formerly called by chemical 
writers, quartation from the near approach of the proportion of 
the two metals to that of one part of the metal in four of the 
whole mass, which was found requisite for the successful action of 
the solvent employed. 

The agent employed in the process of parting in the Mint of the 
United States, has been usually the nitric acid, as also, it is be- 
leived, in Europe until within late years. The sulphuric acid 
has been, but to a slight extent, used for this purpose with us. 
... In few words it is required to solve well the following general 
proposition, viz.—A bar of Goldish silver being given, in which the 
quantity of each metal has been strictly determined by assay— 
to exhibit those metals, in a separate form, by the agency of the 
suphuric acid, in safe vessels, in the shortest time, with the least 
expense, without injury to the opperator, or the diffusion 
abroad of noxious vapours. 

The economy of the process involves, of course, that there shall 
be the least possible waste of precious metals, viz., no waste, and 
demands that the agents employed shall be recovered, by ade- 
quate expedients, in the most productive forms. 

Devise and delineate the best plan of a Laboratory, complete 
in all its appendages, for the parting of gold and silver.... An 
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apartment of the Mint, 54 feet by 37, accommodated with nu- 
merous flues, may be appropriated to this purpose. 

A very material object of your mission is to be regarded as un- 
accomplished, until you have become familiar with everything 
requisite for directing the formation of an establishment de novo, 
embracing the proper structures, arrangements, impliments, 
and facilities, and until you shall have acquired a good share of 
adroitness in the actual manipulations, from the granulation of 
the metal, until its component parts are separately rendered, 
and the agent recovered back under the most available forms. 

2. The assay of silver by the humid mode, will be an object 
also of very careful regard... . We are well aware, that the process 
of cupellation is not perfectly free from irregularities.... by 
judicious precautions and corrections, it is believed the silver 
assay by cupellation is nowhere performed with more success 
than here.... If the humid assay for silver can be rendered facile 
and expeditious enough for daily practice, the achievement will 
be highly'useful.... The accuracy of the proposed silver assay, 
hy the humid way, depends on the precision with which the silver 
thus dissolved can be precipitated and its quantity determined, 
either by means of the precipitate itself, or of the material re- 
quired to effect the precipitation. 

3. A careful examination is particularly recommended of the 
combinations and machinery employed to facilitate processes of 
the melting room or the operations of the coining department. 
As to the method of milling,...we have more to communicate 
than to learn probably under this head; and the same remark is 
confidently made in regard to the device for cutting out plan- 
chets, introduced by the chief coiner. The process in use with 
us for hardening dies, employed here since 1796, which is also due 
to Mr. Eckfeldt, it is believed has been adopted in England... . 

Everything that can improve the assay process is important. 
Its accuracy is of moment to other interests than those pertaining 
to the Mint. Of all the processes of equal rank it seems to have 
attracted the least attention in the United States, except as cor- 
nected with coinage.... Whatever can be added to our informa- 
tion in regard to the treatment of the precious metals, and Mint 
processes and machinery is within the scope of your inquiries. 
In prosecuting these under the patronage and influence of the 
representatives of our government abroad, it will occur to you, 
that the courtesies and facilities conferred under this influence, 
are not to be made available for obtaining without permission, 
facts which it may be the prevailing policy to withhold. It is 
however confidently anticipated that in regard to the processes 
in contemplation in which it concerns the general community of 
Nations that the utmost perfection should be attained, nothing 
will be withheld in National establishments. This persuasion 
is the more readily entertained because the liberality it supposes 
is always cheerfully extended here. All intelligent foreigners of 
reputable character witness our processes without restraint. 
Everything is open to their observation, and all their inquiries are 
ingenuously satisfied... . 

Improvements capableof being rendered beneficial tothe public 
in various departments of the Arts may incidentally become sub- 
jects of your attention. ..the concerns of the Mint and the treat- 
ment of the precious metals being always the first. The illumi- 
nation of cities with gas, offers itself prominently as an object 
in regard to which it may seem that valuable data shall be ac- 
quired—the art.of bronzing may be mentioned as a minor object. 
The Napoleon Medals are beautiful specimens of that art, which 
must therefore have been highly perfected in France (3). 


Fortified by these instructions and letters Peale 
sailed on May 8 on the New York and Havre Packet. 
His manuscript report fills 272 pages, 8 in. X 12 */, in. 
Peale states that, ‘‘the duty of acknowledgment is the 
first that devolves upon us” (4) and well it might. 
There is a letter to Mr. Harris: 
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Paris, July 1st, 1833 
Sir, 

I have the honor to announce to you, that agreeably to the 
desire you expressed to me, the Minister of Finances has given 
an order for Mr. Peale to be admitted to visit in detail the Mint. 
—This functionary will receive from the “Commission de 
Monnaies” all the information he may require concerning the 
basis of our coining system. 

The “Commission du Roi’’ and the director of the Mint, will, 
on their part give him all information belonging particularly to 
manipulation and the process of coining. 

Lastly an assayer of the Mint, who speaks the English language 
will serve Mr. Peale as interpreter in the communications he 
may have to make and to receive. , 

I have the honor to be with gréat respect 

Your very humble and Very obedient servant 


V. Broglie 


V. Broglie was, to give him his full name, Achille 
Charles Léonce Victor, Duc de Broglie, who was then 
Minister of Foreign Affairs. 

The report continues: 


We have great pleasure in stating that in all that relates to the 
Governments of other countries in which observations have been 
exercised—promptness and liberality, and every facility given to 
enquires in all subjects within their controul...Ably and fully 
seconded by the officers charged with the conduct of the various 
establishments...In England also, at the instigation of Lord 
Auckland, the Master and Worker of the Royal Mint similar 
courtesies were extended. 


This is in pleasing contrast with the attitude in pri- 
vate establishments where, in France, a fee ranging from 
16,000 to 50,000 francs was asked to learn the method 
of parting by sulfuric acid, and in England Mr. Mathie- 
son flatly refused to show the humid way even for a fee. 
However, this may not seem so surprising when we 
read in one of Peale’s letters that 


this process has become of immense importance, so much so that 
I have positive information that Rothchild is to become a partner 
in the establishment with which I have been in treaty, with the 
desire to make a monopoly of it. 


On November 20, 1833, Peale writes that he 


cannot speak in too high terms of Mr. Percival Johnson.... I 
have derived much useful information in his refinery particularly 
his method of separating silver, gold and paladium by a shortened 
process. 

The process of consolidating platinum js also familiar to me as 
practised by him.... I feel perfectly confident in my ability to 
direct the formation of the vessels of this metal if they should be 
required in our future operations. 

It would be an injustice to withhold a remark that I know you 
will feel satisfaction in perusing, it is, that I have not yet seen an 
assay, either in France or England, more carefully conducted or 
apparently with more accurate results than those made by Mr. 
J. Eckfeldt and that he is quite as advanced in the art as those 
who have the highest reputation on the continent. 


Interest in fire assaying was not new. Even in the 
“Book of Jeramias’”’ there is a reference to it. 

Tillet, in 1762, showed that some silver is always 
absorbed by the cupel, causing the incorrect results re- 
ferred te by Dr. Moore. ‘“Parting’”’ or the solution of 
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silver in acid may never be omitted in the assay of a 
gold ore. The bead is prepared so that the gold will 
remain in a single piece. The sample is flattened and 
then rolled into a spiral or “cornet’’ having the number 
on it exposed. These cornets are cupeled and then 
parted. Parting flasks may be used and one will be 
passed around with its accompanying crucible to re- 
ceive the gold. A cupel, made of the ash of sheep’s 
bones, and a scorifying dish may also be examined. 

During his two years abroad Peale visited “the Mints 
at Rouen in France, Dresden in Saxony, at Stutgard in 
Bavaria and Carlshrue in the Grand Duchy of Baden’ 
as well as Freiburg, Saxony, where he observed the 
smelting and amalgamation of lead ore. 

The report was accompanied by 


drafts of the furnaces and machinery employed to which marginal 
references are given.... The drafts are intended as working 
drawings. . .a full description is given of each of these drawings, 
so that personal or verbal description is unnecessary, an impor- 
tant consideration in case of accident or other inability on the part 
of the reporter. 


Some of Peale’s recommendations early in the report 
are the appointment of engraver and assayer by com- 
petition, the use of “the educated eyes of artists’ in 
connection with the matrix for original dies, that the 
board (comparable to the assay commission) be com- 
posed of officers of the Mint itself as better acquainted 
with its duties. Later he recommends a guaranty de- 
partment in which all plate and jewelry may be ex- 
amined but not under compulsion, which would remove 
all responsibility from the manufacturer. Despite the 
fact that both in France and England and most other 
European countries he finds this done by law, he is care- 
ful to assure us that no legislature can insure perfectly 
against dishonesty. He also “respectfully suggests 
that some efficient guard should be advanced against 
popular commotion from which we are not, unfor- 
tunately free, and which may some day take a direction 
from which loss to the government may result.’ 

In a discussion of coins, after listing the gold and sil- 
ver coined at the Royal Mint, Peale adds, “and small 
pieces called Maundy monies, 4 pence, 3 pence, two- 
pence and 1 penny. All the former in general circu- 
lation, the latter are coined only for the King’s bounty 
or charity at Easter.”’ 

Peale reports that the mint edifices he has seen are 
ancient, and so poorly adapted to improved processes. 
He says they and the new Goldsmiths’ hall “all fur- 
nish accomodations to officers of the establishment, 
having within their walls dwellings, in some instances 
luxurious and all comfortable.’’ In a comparison of 
the mint machinery, Peale finds that of Paris, except 
for the presses, inferior and has to qualify his approval 
even of the London equipment. The coining presses 


of the Mint of France bear “rather ostentatiously an 
inscription purporting that they were cast from cannon 
taken from the Russians.” 

Peale’s answers to some of Moore’s questions are of 
interest: Pyrometers are not in use, the practiced eye 
and skill of the assayer being depended on entirely; 


JOURNAL OF CHEMICAL EDUCATION 


lead is chosen from the market and not prepared for 
the purpose; if it is found on trial to contain not more 
than one quarter of a milliéme of silver in ten grammes 
it is judged sufficiently pure for the purpose. Copper 
used for alloying silver in the Mint of Paris is “‘cudvré 
rosette de Russie’’—English copper is also good and 
cheaper but renders the metal harder and increases 
the labor of rolling. For alloy of gold, refined copper 
cuwré rosette is drawn into very fine slips or wires. 

Not only are directions for bronzing given based 
on verdigris, sal ammoniac, vinegar, and water but 
Peale observes “that this is the true bronze, more 
beautiful and more durable than the Red Bronze of the 
English, and that they are now employed in striking 
some of the Bonaparte Series.’’ He recommends a 
medal department in the United States Mint, and 
describes and recommends a monetary museum like 
that at the Paris Mint, which includes: 

(1) Models of machines, furnaces, and utensils used 
or proposed in the fabrications of coins; 

(2) Mineralogical collections of those ores and metals 
used in the monetary art; 

(3) Series of operations and utensils relative to assay 
by the touchstone, by the cupel, by the humid process, 
etc.; 

(4) The collection with their impressions on metal 
of the dyes which commemorate the visits of kings, 
princes, and eminent persons to the Mint; 

(5) The series of standards of weights and measures, 
old and metrical weight, balances of precision and of 
assay. 

In reference to assay balances, Peale says those made 
by the ballancier of the Mint are the best he has seen. 
Although he ordered one for Mr. Eckfeldt, which inci- 
dentally was badly injured at customs in New York, 
he later compares the English and French balances: 

I am satisfied if left to their own discretion [the English] 
would be more expensive and less neat than the French but at the 
same time I am equally certain that by direction and superin- 


tendance I could have one made in a manner equal to the French 
and at a cost of something less than, say 500 francs. 


In a letter from London, January, 21, 1835, Peale 
writes: 

After a careful examination of Assay Balances in France, Ger- 
many and England I have decided on employing Mr. Saxton to 
make one according to designs and ideas of my own, which in 
simplicity of construction and excellence of workmanship, as 
well as some other points including economy, ... will possess all 
that is required in an eminent degree.... The Beam Stirups, 
etc., are of an alloy of Palladium invented by Mr. Johnson pos- 
sessing ... extreme hardness, elasticity, and exemption from 
oxidation. 


The humid mode of assay was suggested by Gay 
Lussac after the study made by the French Commission 
of Coins in 1829. It was adopted by the French 
government in 1830 and is used, practically unchanged, 
throughout the world today. Peale describes in great 
detail all the steps in the preparation of solutions 
(normal and decinormal sodium-chloride solutions) 
and the actual analysis. He complains of the method 
of reporting—or rather five or six methods—when the 
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decimal system would be so much simpler. The 
French reported in the gramme as a unit, in 1000 parts 
or milliémes, the milliéme being divided into '/, and 
1/,, but always expressed in decimals. He gives the 
method of calculation, the precautions that must 
be taken to verify the strength of solutions used, and 
the fact that the process is dependent on ‘the chemi- 
cal affinity that exists between muriatic acid and Silver 
in a certain atomic proportion.” 

There is a table, three pages in length, of the amount 
of “Lead necessary to make assays of silver for every 
standard, after the tables of Monsieur D’Arcet, Di- 
rector of Assays at Paris’ preceded by a similar tabie 
for gold assays. 

In a letter of June 6, 1833, from Paris, Peale says that 
the humid way has entirely displaced the cupel, and 
again: ‘We cannot, therefore, hesitate to say that the 
Mint of the United States in being in possession of the 
aparatus for this object and of the knowledge of its 
use and importance is on a level with the scientific 
advancement of France which stands first in this most 
important branch of science.”’ 

Scorification may be used as a preliminary test to 
determine if gold is actually present in a sample. The 
sample, lead, and a flux are heated in the dish; the 
molten mass resulting has lost all other impurities and 
is then ready for cupellation. That process lasting 
perhaps twelve to fifteen minutes is dependent on the 
oxidation of the lead in which the cornet is wrapped, to 
litharge and the absorption of the latter, since owing 
to its lower surface tension it wets the cupel’s surface, 
while the molten silver and gold are not absorbed. 
These form the button. 

For the use of platinum, Mr. Johnson recommends 
that: 


Should a refinery be established with us that the platinum be 
imported in sheets and made into vessels there, good copper- 
smiths only being required.... The above named Gentleman 
has in addition to many other acts of kindness and liberality, 
given me an invitation to join him in a professional visit to the 
mines and smelting houses of Cornwall and at the same time 
recommends the journey as the most efficient means of informa- 
tion on smelting, especially as applied to sweepings, etc. 


On December 7, 1834, Peale wrote: 


I have acquired a number of facts particularly on the parting 
in iron vessels which I have seen at Dresden. My mind is now 
made up on the subject. I am satisfied that the Platinum vessels 
are the only proper means. Though iron can be used it is how- 
ever a little less expensive as it costs about the interest of the 
Platinum, and sometimes leads to losses that are embarrassing. 


In current practice, platinum vessels about the size 
and shape of a thimble, but slotted to give the acid 
easier access, are placed in a cruciform platinum sup- 
port suspended in a platinum basket. This basket 
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is then set in a platinum dish containing the acid. 

So the results of Mr. Peale’s visit to Europe were 
confined really to matters connected with the Mint, 
although the trip might almost have been called a 
general scientific expedition. In the material viewed 
no mention of the illumination of cities by gas, as re- 
ferred to by Dr. Moore, was found. 

In 1836, Mr. Peale was appointed refiner and melter 
at the Mint, and in 1840, chief coiner, which office he 
held until 1854 (1). In 1836, when the coinage was 
$7,764,900 in this country, the first steam coinage in 
America was made at the Mint. The introduction of 
this process and of the method of reducing silver from 
its solution in nitric acid by precipitation with chloride 
of sodium and its recovery by zinc and sulfuric acid 
were of great advantage in economy and otherwise over 
muriatic acid. This information was given when Mr. 
Peale applied for $30,000 to assist him in his declining 
years. The Senate awarded him $10,000, which the 
House did not pass. 

It was stated at this time that the general principles 
of this process were communicated to him and practiced 
in the refinery of P. N. Johnson, of London, but the use 
of salt was proposed by Mr. Peale. In the 41st con- 
gress, Mr. Peale was given leave to withdraw and so, 
too, may we. 
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* NEW WEALTH FROM AGRICULTURE 


Tue various utilization branches of the Agriculture 
Research Service of the U. S. Department of Agri- 
culture do research to find new and expanded uses for 
farm products. The object is threefold: 

(1) To provide more income for the farmer from his 
crops. 

(2) To assist industry to convert agricultural raw 
materials into new and improved products. 

(3) To devise means to make these new products 
available to the consumer at reasonable prices. 

Our object is highly practical in nature, but to reach 
it we do not confine ourselves exclusively to applied 
work. Many of our projects are in the field of basic 
research. We feel that basic research lays the foun- 
dation for future specific accomplishments. So let us 
see some of the new products—new wealth, if you like— 
which have resulted from our research. Most of my 
examples will refer to the Eastern Laboratory, but for 
the sake of completeness I will mention products from 
each of the other utilization branches. 


RUTIN FROM TOBACCO AND BUCKWHEAT 


One new product is the drug rutin, widely used in 
medicine today to treat persons with certain blood- 
vessel disorders. One such disorder doctors call 
capillary fault—that is, a tendency for the walls of the 
capillary blood vessels to break or to have abnormally 
high permeability. When capillary fault is combined 
with high blood pressure the combination is dangerous 
—something like a weak garden hose connected to a 
source of high water pressure; the blood vessel may 
rupture. Rupture within the brain means a stroke, 
rupture in the eye a retinal hemorrhage. 

Medical studies show that rutin, taken orally, will 
correct a large proportion of capillary fault—about 
94 per cent of all cases. When the capillary condition 
is returned to normal there is less tendency to apoplexy 
and retinal hemorrhage. 


1 A Laboratory of Eastern Utilization Research Branch, Agri- 
cultural Research Service, U. S. Dept. of Agriculture. 
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Eastern Regional Research Laboratory,! 
Philadelphia, Pennsylvania 


The story starts in 1942, when Dr. James F. Couch 
isolated rutin from flue-cured tobacco. Mindful of the 
emphasis of new uses, he immediately began wondering 
what use rutin could have. 

Now rutin was not new—it had been discovered 100 
years earlier in garden rue, which gave it its name. It 
had even been found in tobacco before. 

But what use was it? That was when Dr. Couch 
came up with his brilliant hunch—rutin ought to have 
vitamin P activity. Vitamin P was the name given by 
a Hungarian chemist to an elusive component of citrus 
extracts. 

It had been observed that citrus extract sometimes 
helped persons with capillary fault, but the active 
principle was never isolated. However, enough chem- 
ical information was accumulated to suggest to Dr. 
Couch that rutin might have vitamin P activity—or 
might even be the long-sought vitamin P itself. 
Tests were made by two medical researchers then at the 
University of Pennsylvania Medical School, and rutin 
worked! 

The medical profession took up and applied this ad- 
vance in medicine, and doctors all over the world were 
writing in to ask for samples for their desperately ill 
patients. Our little research group worked round the 
clock, extracting rutin, until industry took over the job. 

It quickly became evident that flue-cured tobacco 
would never do asa source. It was far too expensive. 
So the hunt went on for a better source. 

The best domestic source yet found is the green buck- 
wheat plant. When we found that out we envisioned 
farmers growing buckwheat for rutin—perhaps 50,000 
acres planted to buckwheat. Alas, it was not to be! 
Somone found out that rutin could be extracted more 
cheaply from the flower buds of an oriental tree, the 
Sophora japonica, and much was made from the buds. 

Later an embargo was placed on the importing of 
these flower buds, and for a fleeting instant we thought 
buckwheat would re-enter the picture. But instead, 
it was found that the leaves of a variety of eucalyptus 
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tree that grows in Australia made a cheap source and 
much rytin is now made from eucalyptus leaves. 

We are not, however, convinced that this is the final 
answer. We think that buckwheat can compete. 
All it will take, we feel, is careful processing of the 
buckwheat. 


DEXTRAN: A BLOOD PLASMA SUBSTITUTE 


Now I turn to another development in the field of 
medicine. This is a development of our sister labora- 
tory in Peoria. It is the blood-plasma volume ex- 
pander dextran. 

The Northern Laboratory has a remarkable col- 
lection of microorganisms. This culture collection— 
which is sometimes called a “microbe zoo” by the 
science writers—has been the foundation of many ad- 
vances in industrial fermentation. 

In extreme national emergency, such as atomic war, 
it would be practically impossible to make enough blood 
plasma to serve those suffering from shock, burns, or 
other casualties. 

Nonetheless, casualties may be enormous, so some 
alternative measures must be worked out, and as soon 
as possible. The best answer at present is to develop 
a stable blood-plasma substitute that can be stock- 
piled. And that is dextran. 

Natural dextran is a polysaccharide, just as starch, 
glycerin, and cellulose are polysaccharides. It differs 
from these, however, in the linkages which hold the glu- 
cose units together. In dextran the linkages are called 
the alpha-1,6 type; in starch they are the alpha-1,4 
type. 

Dextran is made by a number of bacteria of the 
family Lactobacteriaceae, grown in cultures containing 
sucrose. Actually, the organisms make an enzyme 
called dextransucrase, and it is the enzyme that does the 
job. The enzyme works on the glucose half of the su- 
crose molecule. 

At present four companies are producing dextran at a 
yearly rate of over 2 44 million pints of a six per cent 
solution, and they are all using the microorganism 
isolated by our Northern-Branch scientists. This 
bacterium originally came from a bottle of contam- 
inated—“ropy’’—root beer. 


IMPROVEMENTS IN COTTON 


Our Southern Branch in New Orleans has developed 
fibers and fabrics from cotton that will not rot or mil- 
dew, are highly flame-resistant, hold up under high 
temperatures for long periods of time, and last more 
than twice as long in outdoor uses. They have even 
made cotton fibers that dissolve in water, for special 
uses. In mechanical processing research, equipment 


has been developed for more efficient processing of 
mechanically harvested cotton, which contains large 
quantities of foreign matter. 

Research to improve the competitive position of 
cotton is highly important to the more than 20 million 
people who depend on the industry for all or part of 


their livelihood. In 1951 farmers received nearly three 
billion dollars for their lint cotton. 


CONCENTRATED FRUIT JUICES 


If you like orange juice you must have tasted the juice 
made by mixing three cans of water with one can of 
frozen orange-juice concentrate. That is a joint de- 
velopment of our Southern Branch with the Florida 
Citrus Commission. 

We have, in Philadelphia, developed superconcen- 
trated fruit juices such as apple juice and grape juice. 
We say “‘superconcentrated”’ because to one can of our 
juice you add six cans of water, instead of the con- 
ventional three cans. So, from a four-ounce can you 
get more drinking juice than from a six-ounce can of the 
conventional frozen-juice concentrates. 

The product has excellent flavor. The trick is to 
take out and hold the flavor of the fresh juice right at 
the start. Our Eastern-Laboratory engineers found 
how to take out the volatile flavor from apple juice, 
for example, and concentrate it. This flavor concen- 
trate we call ‘‘essence.”’ 

The scale of operations goes something like this. 
We take a ton of apples and press out the juice, and 
get about 160 gallons. Now we run the 160 gallons 
of juice through our “essence” equipment and get a 
gallon of flavor. Thus, all the volatile flavor in a ton 
of apples is now present in one gallon—and that gallon, 
by the way, is 99 per cent water. 

Now we take the 159 gallons of stripped juice, and 
evaporate away about 137 gallons of water. There is 
now left 22 gallons of the concentrated nonvolatile 
components of our apple juice. Toit we add our gallon 
of essence, and we have essentially everything that was 
in the starting juice, except water. You can add the 
water at the kitchen sink. 


FRUIT-JUICE POWDERS 


The latest development in the fruit-juice line is 
powdered fruit juice. Our Western Branch, at Albany, 
California, has succeeded in making 100 per cent orange- 
juice powder which can be kept without any refrig- 
eration. The starting material is concentrated orange 
juice, which is dried under vacuum. As it dries the 
mixture puffs up. The puffy cake is then crushed to 
suitable size and the product packed. The powder 
passes the army test, stability under six month’s stor- 
age at 100°F., with flying colors. The trick is to keep 
the powder dry, and to do this an envelope of des- 
iccant is put in every package. The orange flavor is 
added prior to packaging. 

A factory is now under construction in Florida to 
make the orange powder, which needs only water to 
make a very good orange juice. It compares favorably 
with the frozen, concentrated orange juice. 

In Philadelphia we have made apple-juice powder 
and grape-juice powder, which keep well even after six 
months at 100°F. We were afraid that drying the 
superconcentrate under vacuum would pull out all the 
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volatile flavor, but our engineers solved that problem 


when they found that sugar added to the supercon- 
centrate “locked in” the flavor. Here also an in- 
package desiccant is needed to keep the powder dry and 
stable. 


NEW PRODUCTS FROM MAPLE SIRUP 

We have found that if you heat good quality maple 
sirup under controlled conditions, you can enhance the 
maple flavor and the color many-fold. To this high- 
flavored maple sirup can be added ordinary cane-sugar 
sirup, say three parts of cane sirup to one part of maple 
sirup. The resulting blend can scarcely be told from 
pure maple. 

High-flavored maple sirup is produced now in carload 
quantities and used in several ways; new markets are 
opening for maple and the future looks brighter for 
maple producers. 


USES FOR ANIMAL FATS 

A new potential market is in plastics. Our chemists 
have attacked the plastic market in twoways. Oneisby 
converting fats and oils to stabilizers-plasticizers. All 
flexible plastics, as we know them, get that way by 
the incorporation of plasticizers, which act as softening 
agents. 

Now a common plastic is polyvinyl chloride. Itis a 
good plastic, but is affected adversely by sunlight and 


© 


JOURNAL OF CHEMICAL EDUCATION 


heat. Animal fats and vegetable oils are treated with 
hydrogen peroxide to make epoxidized oils. These are 
good plasticizers, and also protect the base plastic 
against heat and light. They are now in commercial 
production and are used in garden hose, floor tiles, 
raincoats, and the like. 

Good as our epoxidized oils are, they are neverthe- 
less“‘external”’ plasticizers. And all external plasticizers 
have one flaw to a greater or less extent, and that is a 
tendency to diffuse to the surface and then evaporate or 
wash away. 

That leads us to the second attack on plastics; this 
is to use “built-in” plasticizers. 

You know that fats contain stearic acid. By adding 
acetylene to stearic acid you can make vinyl stearate, 
which will copolymerize with .vinyl chloride. The 
stearic acid part acts as a lubricant, or softener. But 
since it is part of the copolymer it is firmly bound in. 
It is a “built-in” plasticizer and hence is free of the 
tendency to diffuse out and get lost. 

Another enormous market for animal fats is as a 
component of animal feeds. We worked with the 
American Meat Institute Foundation and found experi- 
mentally that dogs and chickens thrived when fed diets 
containing added animal fat. That was the start of 
the addition of animal fats to many other animal feeds. 
Now enormous amounts of fats are used in feeds— 
perhaps a quarter of a million pounds yearly. 


To the Editor: 


+ To the article by Dr. Hunsburger (‘Theoretical 
chemistry in Russia,” THIS JOURNAL, 31, 504 (1954)), I 
can add some facts about chemistry in Russia which 
should be of interest to your readers. 

Ideological pressure in the domain of chemistry, 
exaggerated praise of Russian scientists, and claims that 
the Russians must be credited with all achievements in 
science and technology are quite new. During the first 
two decades after the communists seized control, 
chemists were almost free of such pressures. This was 
probably because the so-called classicists of Marxism- 
Leninism wrote very little about chemistry. The situa- 
tion at that time is reflected in the following incident: 
In the early twenties one of the secretaries of the com- 


munist party’s central committee, proposing to a pro- 
fessor that he organize a course in chemistry for a group 
of propagandists, asked if it were possible to mention 
the dialectic in chemistry; he added that he did not 
know if any dialectic in chemistry existed. 

The chemist who wanted to give his course a Marxist 
character needed only to include a few more-or-less 
irrelevant quotations from Marx or Lenin. More ser- 
vile-ones planned their courses on “the industrial base.”’ 
For example, I saw a text in organic chemistry which, 
instead of the usual chapters on Hydrocarbons, Alco- 
hols, etc., was divided into parts such as Oil Industry, 
Fermentation Industry, and the like; but the hydro- 
carbons were described under the first division, the 
alcohols under the second, etc. And our ideological 
guardians were satisfied with such naive methods! 

I know of several cases in which young men who were 
interested in other branches of knowledge chose chem- 
istry as their specialty because they hoped that, as 
chemists, they would be free from ideological pressure. 

During the same period it was thought to be sus- 
picious, at least, if one emphasized the services of pre- 
revolutionary Russian scientists. Professor 8. Re- 


formatsky, at the University of Kiev, always made 
note of the work of Russian chemists (or, as he usually 
said, “our countrymen”’) in his lectures. He did this 
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without any exaggeration. For example, in his lecture 
about the structural theory of organic compounds he 
began with the standard phrase: ‘“The German Kekulé, 
the Englishman Couper, and the Russian Butlerov. . . .”’ 
This practice irritated the secretary of the university’s 
party committee, who once said angrily, ‘I would be 
glad to know what Professor Reformatsky means when 
he says ‘our countrymen.’”’ Russian patriotism was a 
deadly sin at that time because “the proletariat has no 
fatherland.” 

Now, of course, all this is changed and a chemist as 
well as any other scientist risks being trapped in the pit 
of ideological heresy. The worst part of it is that no- 
body knows what is permitted and what is criminal. 
Persecution of the resonance theory, for example, 
began only recently; and the same works of Syrkin 
and Dyatkina which were condemned in 1950 were 
highly praised in 1945 at the time of the 220th jubilee 
of the Academy of Sciences. 


A. SEMENTSOV 


BrTHLEHEM, PENNSYLVANIA 
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GENERAL COLLEGE CHEMISTRY 


Andrew J. Scarlett, Professor of Chemistry, Dartmouth College, 
and José Gomez-Ibanez, Associate Professor of Chemistry, 
Wesleyan University. Henry Holt and Co., New York, 1954, 
x+645pp. Figs. Tables. 2416.5cm. $6. 


Four previous editions of the text by Richardson and Scar- 
lett of this same title have been well received; and now a “fifth 
edition” has been prepared. However, this new text differs 
in form and content from its forerunners. It is divided into 
seven parts of three to ten chapters each: Fundamental Prin- 
ciples and the Kinetic Theory of Matter, including stoichi- 
ometry, gas laws, etc.; Chemical Properties and the Periodic 
Table, introduced by descriptive chemistry of H, O, N, acids 
and bases, the inert gases; The Structure of Matter and the 
Chemical Bond, including redox reactions; Chemical Equi- 
librium and Solutions of Electrolytes, including kinetics and 
e. m. f.; The Chemistry of the Elements, occurrence, prepa- 
ration, properties, history; Compound Substances, compounds 
of H, the halogens, 8, N, P, Si, and two chapters on organic com- 
pounds; Thermochemistry, Colloids, Nuclear Reactigns, one 
chapter on each; thermochemistry has been treated earlier in 
an introductory manner. 

The authors state, and this reviewer agrees, that it is probably 
not possible to cover all of the material in this text in the ordinary 


introductory course. They suggest that a selection of topics be 
made, particularly in the sections dealing with descriptive chem- 
istry, according to the interests of the teacher (and the con- 
dition of the class). They state that the order of presentation 
may be altered slightly if desired. Further, the text is recom- 
mended for brief courses dealing mainly with chemical prin- 
ciples. Certainly, this text exhibits the maximum possible 
flexibility commensurate with a reasonable maximum of util- 
ity. One is almost reminded of the fable about the donkey, 
the son, and the father, who, in their attempt to please everyone, 
finally carried their donkey on their backs. 

The authors claim coherency and, in so far as it is possible 
at first-year level, exactitude. This aim has been achieved at the 
expense of a slight infelicity of expression. That is, the student 
using this text will assuredly recognize that the authors are 
anxious that he should learn chemistry, but he might ask that 
they had been a little less reserved about it. 

The exercises at the end of each chapter constitute an im- 
portant part of the textual presentation; they are designed 
to make the student think. One example: ‘What is the differ- 
ence in meaning between the terms ‘molecular weight’ and 
‘weight of a molecule?’”” Numerical answers are furnished for 
approximately one-third of the problems. Some items only 
mentioned in more advanced texts are given. semimathematical 
treatment here: Stern’s molecular velocity experiment, the 


th 

re 

ie 

al 

e- 

TS 

a 

or 

is 

ng 

te, 

he 

ut 

in. 

he 

he 

ri- 

ats 

of 

ds. 

| 
| Keceut-Gooke 

up 

ion 

ist 

ess 

ch, 

co- 

ry, 

the 

ical : 

rere 

as 

ure. 

pre- 

Re- 

ade 

ally 

this 


64 


difference between physical and chemical atomic weights, the 
Lyman and Balmer spectral series, and many others. 

The index is exceptionally easy to read and appears adequate. 
No serious misstatements or typographical errors were noted. 
The binding appears durable and is certainly attractive. 


JAY A. YOUNG 
Krine’s COLLEGE 
PENNSYLVANIA 


QUALITATIVE INORGANIC ANALYSIS 


G. Charlot, Professor of Analytical Chemistry, Ecole Supérieure 
de Physique et de Chimie Industrielles de Paris. Translated by 
R. C. Murray. John Wiley & Sons, Inc., New York, 1954. xi + 
pp. 93 figs. 14 X 22cm. $7. 


Tuts book emphasizes the physico-chemical approach. The 
first 125 pages of the book deal with theory. It is a thoroughly 
logically organized presentation. Typical chapter headings are 
Oxidants and Reductants (Exchange of Electrons), Acids and 
Bases (Exchange of Protons), and Complexes (Exchange of 
Ions and Polar Molecules). Tables, graphs, and equations, both 
chemical and mathematical, are used extensively. 

The second section of the book is entitled Chemical Properties 
and the Characterization of Ions. This section covers 187 pages 
and gives fairly complete information on the strength of acid- 
base pairs and slightly ionized compounds with equilibrium con- 
stants, solubility-product constants, and stability constants. 
Oxidation-reduction equilibria are emphasized and a great num- 
ber of constants are given. 

A large number of ions are discussed, including many of the 
rarer elements. The discussions are surprisingly complete for a 
book of this nature. However, very few structural formulas are 
used. 

Part III of the book is entitled Techniques and Methods of 
Qualitative Analyses. It is only 16 pages long. Principles and 
methods are well stated but detailed procedures are in general 
left up to the student. This gets away from the customary cook- 
book methods, but it doubtless would cause many of our inex- 
perienced, unresourceful students considerable difficulty. 

While the book recommends semimicro technique, it could be 
readily adapted to other methods. Since the book has such a 
wealth of fundamental! facts it should assist both students and 
instructors to develop better techniques and routines in the lab- 
oratory. 


R. A. WOODRIFF 
Montana State 
Bozeman, MontTANA 


* ESSAYS IN SCIENCE 


Albert Einstein, Institute for Advanced Study, Princeton, New 
Jersey. Reprint. Philosophical Library, New York, 1954. xii + 
114 pp. 10X17cm. $2.75. 


THESE essays were originally published as ‘“Mein Weltbild’”’ 
in 1933, and translated from the German in the following year. 
“¢The World as I See It’ in its original form includes essays by 
Einstein on Judaism, Germany, Politics and Pacifism, and sun- 
dry other topics. These have been omitted in the present 
abridged edition,’’ according to the preface. Several of the sixteen 
papers in this volume are concerned with the theory of rela- 
tivity (they are not mathematical), while others discuss the 
nature of research, of science, of physics. There are essays on 
Kepler, Newton, Maxwell, and Bohr, one on the formation of 
meanders in rivers, and one on the Flettner ship. 


WALTER B. KEIGHTON 
SwaRTHMORE COLLEGE 
SwarTHMORE, PENNSYLVANIA 
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e LES CONSTANTES PHYSIQUES DES COMPOSES 
ORGANIQUES CRISTALLISES 


J. Timmermans, Professor Emeritus, University of Brussels. 
Masson et Cie, Paris, 1953. 558 pp. 80 figs. 16 X 24 cm. 
Paper bound, 5200 fr. 


Tuts is a comprehensive monograph including not only con- 
siderable tabular data but also an extended series of specialized 
chapters discussing the fundamental principles underlying the 
behavior of crystalline substances. It is no mere exposition of 
generalities, or introduction to the subject. 

In the first of three main parts there appear such topics as 
preferential configuration, relation of molecular weight to crystal 
phenomena, X-ray spectrography, isomorphism, polymorphism, 
and relation of crystalline state to specific heat, dielectric con- 
stant, density, plasticity, and electromagnetic influence. 

The second part introduces relations to the liquid state. A 
well selected series of the better literature references, including 
many American Petroleum Institute reports, appears here. 
Finally, the third part presents the kinetics and thermodynamics 
of the subject. 

While one would scarcely anticipate great use of this volume 
in American undergraduate curricula, the work should certainly 
go on the shelves of any chemistry department offering graduate 
training. 


G. ROSS ROBERTSON 
UNIVERSITY OF CALIFORNIA 
Los ANGELES, CALIFORNIA 


e THE PERMANENT REVOLUTION IN SCIENCE 
Richard L. Schanck, Chairman, Department of Sociology, Beth- 


_any College; Lecturer, Carnegie Institute of Technology. Philo- 


sophical Library, New York, 1954. xvi +12 pp. 14 X 22cm. 
$3. 


“THE permanent revolution in science” is seen by Dr. Schanck 
as the development of equilibrium systems and then systems of 
systems which in their growth result in a general revolution based 
on an a priori in the will, the notion of progress. 

The first few chapters in the book, on the emergence of physics, 
chemistry, and biology give a good general survey of the use of 
statistical methods in deriving truths of a scientific nature in 
systems too complicated to trace individual elements. The 
results of such scientific inquiries are statements of “trends” 
apparent in the average behavior of the system. The trends are 
really observable without much study, but the statistical study 
gives an objective measure of the relative importance of the 
various factors working in interdependence. The success of the 
method consists in having a limited number of important factors. 

This method, only recently articulated in physical science, 
was launched by Freud and Marx in their respective fields and 
almost entirely misunderstood by their followers. In the field 
of sociology Lester Ward shared with Marx a somewhat common 
position on the role of science, though he developed his subject 
matter differently. And so the method of modern experiment- 
alism took over in social science rather imperceptibly and some- 
times unknown to the exponent. 

Edgar A. Singer, Jr., was concerned with the problem of 
establishing standards, as was Dewey, but Singer would extend 
modern methods to introduce a standard which is not a fixed one, 
nor an ideal, but one which can be progressively reformulated 
by an adequate scientific method. Thus he would have a de- 
velopmental ethic whose basic idea is the dealing with mankind 
as psychological individuals who compose all societies. ‘‘Singer’s 
ideal unlike ‘ends’ is not attainable, but, like an end, is approach- 
able. He defines such progress as a measure of man’s cooper- 
ation with man in the conquest of nature.” 

With the “emergence of methodology,” which is elaborated 
in the last chapter, the author leaves philosophy stripped of its 


re 
h 
of 
be 
di 
| ol 
ca 
| th 
w! 
/ 
2 Wl 
sc 
m 
a 
an 
for 
m: 
ph 
ow 
ide 
ths 
ple 
as 
she 
me 
vel 
Ge 
Inc 
Nev 
$2. 
| | poe 
and 
| eng 
mat 
wou 
emy 
forn 
U 
by 1 


TION 


ubject 
iment- 
some- 


em of 
extend 
one, 
ulated 
a de- 
unkind 
inger’s 
roach- 
ooper- 


orated 
| of its 


MARCH, 1955 


role as guide and interpreter of the physical sciences. ‘The 
last strongholds of speculation are overthrown, philosophy as it 
has previously existed withers away.”’ In its place is the ‘‘Science 
of Methodology.” 

The author does not distinguish clearly between physical 
science, 7. e., the study of secondary causes of natural phenomena 
(including natural life, but not specifically human activities) 
and other science, viz., any study whose object is truth, in contra- 
distinction to the arts whose object is beauty (including ethics, 
natural theology, sociology, etc.). For example, there is no 
distinction in the treatment of physics, chemistry, and biology 
on one hand and sociology, psychology, and the science of values 
on the other. 

Further, if a hypothesis is reached through observations and 
can then be tested, can be used to explain other observable facts, 
then scientific method is used. But if a notion is developed 
which cannot be tested because of uncontrollable variables, 
though it may still be concluded from reason, not the scientific 
method but speculation is used. On page 92 the author seems 
to make thought and science synonymous—to quote: ‘Mean- 
while is it not thought, is it not science, which has founded this 
science of values, of Ethics?” 

The philosophy with which the book approaches nature and 
upon which the “Science of Methodology” is built is avowedly 
monism, which not everyone can accept. As far as the ethic 
of Singer’s philosophy is understood it seems to be, in general, 
compatible with the ideal of Christian charity, for which one 
strives but probably never reaches. The goal, “cooperation 
among men in the conquest of nature,” obviously (from the 
footnote on page 85, and from the statement about merely 
materialistic achievements on page 93) does not mean just 
physical comfort. What is meant by conquest of nature? Man’s 
own nature? If so, the goal is compatible with the Christian 
idea of the perfection of the individual. 

Thinkers who find a solution of this problem of standards by 
a return to Aristotle and Thomas Aquinas would agree that 
“there is indeed no reason why the quest for faith, certainty, 
direction cannot be accomplished without denying the truths 
that modern times have created.’”” Why the author suggests 
that such a return would be hazardous (page 96) is not ex- 
plained. 

The idea of bringing a group of specialists to a round table, 
as has been done in creating the organization “Institute of Ex- 
perimental Method,” is interesting, and theoretically, at least, 
should be valuable as an integrating agency and should provide 
a system of mutual checks in the various fields of knowledge. 
This book is one of a series written and being written by the 
members of this institute whose ‘‘major goal would be the de- 
velopment of methodology as a science in itself.” 


SISTER M. CONSILIA HANNAN 
Saint JosepH COLLEGE 
West Hartrorp, CONNECTICUT 


& ADHESIVE BONDING OF METALS 


George Epstein, Research Engineer, North American Aviation, 
Inc., Downey, California. Reinhold Publishing Corporation, 
New York, 1954. ix+218pp. Figs. Tables. 10.5 X 16.5cm. 
$2.95. 


Tuis is a Reinhold Pilot Book and can easily be carried in the 
pocket. It has over 200 pages of material on the subject matter 
and it is all in readable form. The author states in the preface: 
“It is the purpose of this book to give sufficient details so that an 
engineer or technician faced with the problem of joining two 
materials will be able to determine if an adhesive-bonded joint 
would be advantageous, what type of adhesive to seleqt, how to 
employ the adhesive, and how to design the joint for optimum per- 
formance.” These things the author has done well. 


Until recently the metal surfaces of airplanes have been united 
by means of rivets, and for this purpose holes have to be drilled, 
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the metal pieces reassembled, and the rivets driven. The use of 
adhesives requires much less time, and gives smooth surfaces 
with no breaks, and at much less cost. The manufacture of a 
conventional wing trailing section is estimated at $1312 with 
rivets and only $149 with adhesives. No failures with adhesives 
have been reported. Furthermore, the weight with adhesives is 
less, the difference having been calculated as being equivalent to 
the pay load. 

There is a very good discussion of the theory and properties of 
thermosetting resins, thermoplastic resins, and elastomeric ma- 
terials. There are some errors in this discussion, especially with 
the elastomers, but in general it is clear and understandable. 
The first strong adhesive—cyclized rubber—is scarcely mentioned 
and is not in the index. The author tells how to use the various 
adhesives and how to test them. He discusses design, joints, 
structural and nonstructural adhesives, and sandwich construc- 
tion. He himself has formulated an adhesive that is good up to 
600°F. when the tensile shear strength has dropped to 1000 
pounds per square inch from 2000 pounds at room temperature. 
No formula is given for it. 

The book contains structural formulas, tables, photographs, 
curves, a short appendix, and an index. There is a frequent use 
of parentheses where commas or another sentence would ordi- 
narily be used. There are very few typographical errors. 

The author has had much experience in this field and makes the 
book very practical. The names of companies supplying the 
adhesives are given. In general the book is almost a laboratory 
manual, and it is a very good one. 


HARRY L. FISHER 
University OF SOUTHERN CALIFORNIA 
Los ANGELES, CALIFORNIA 


* PREPARATION FOR MEDICAL EDUCATION IN THE 
LIBERAL ARTS COLLEGE 


Aura E. Severinghaus, Associate Dean of the Faculty of Medi- 
cine of Columbia University, Harry J. Carman, Dean Emeritus 
of the College, Columbia University, and William E. Cadbury, 
Jr., Dean and Associate Professor of Chemistry, Haverford Col- 
lege. McGraw-Hill Book Co., Inc., New York, 1953. xxiv + 400 
pp. 15 X 230m. $4.50. 


Tuis report of the Subcommittee on Preprofessional Education 
of the Survey of Medical Education is a study of “premedical”’ 
education, i. e., the broad, general education which precedes the 
more specialized and vocational training in the medical schools 
and hospitals. ‘The central thesis of our Report, meanwhile, is 
the value of a sound liberal education as a preparation for life 
and also as an educational basis for later vocational training” 
(page xix). The Report is based on a well planned inquiry which 
included questionnaires followed by visits of the authors to ap- 
proximately 100 liberal-arts colleges and universities. With 
this as preparation two conferences were held. The second, 
for example, included delegates from these and other institutions 
and involved a three-day discussion of the aims and qualities of 
the premedical student, his guidance, advising, evaluation, and 
encouragement, the content of his undergraduate curriculum and 
the methods used in his instruction, his recreations, interests, and 
responsibilities. ‘These topics are discussed in 249 pages and 
documented in 130 pages of appendixes. 

The Report is a collection of opinions tending to support its 
central thesis, the value of a liberal education. Eight of the 
chapters close with “Recommendations,’”’ sometimes trivial, but 
generally summarizing the topics of the chapters. There are 
inconsistencies, of which the following is an example. Such sub- 
jects as histology and human physiology are cited (page 93) as 
not among the most desirable courses for a premedical student 
because of their vocational slant. “All premedical students 
should avoid courses which are previews of medical school work.” 
However, physics courses are criticized for not including more 
radiation and atomic physics because these subjects serve “‘as a 
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background for roentgenology, radiation therapy, and research 
involving both stable and radioactive isotopes as tracers’’ (page 
101). To the reviewer it seems a mistake to view physics as 
merely training for the professional work of the premedical stu- 
dent. The study of physics has values in the cultivation of the 
intellect quite aside from any vocational application, and should 
be a part of a liberal education for this reason. 

The Report, nevertheless, is rewarding reading. It presents 
facts and opinions and suggests questions. It is to be hoped that 
some of these questions will now appear so clearly to so many 
people that answers will be forthcoming. 


WALTER B. KEIGHTON 
SwARTHMORE COLLEGE 
SwARTHMORE, PENNSYLVANIA 


a GMELINS HANDBUCH DER ANORGANISCHEN 
CHEMIE. SYSTEM 9: SCHWEFEL. PART A3 


Edited by Erich Pietsch. LEighth edition. Verlag Chemie, 
GMBH, Weinheim, West Germany, 1953. xvi + 252 pp. 54 
figs. 17.55 X 25.5 cm. $34. (Available through Walter J. 
Johnson, Inc., 125 E. 23rd St., New York 10.) 


Tue first two parts of Section A deal with the history and 
occurrence of sulfur, and the technology of sulfur and its com- 
pounds. This concluding part of Section A describes the chemi- 
cal and physical properties of elemental sulfur. Section B, 
which is to be concluded in the spring of 1955, will include dis- 
cussions of the compounds of sulfur. 

The main headings in Section A3 are Preparation of Sulfur, 
The Sulfur System (Phase Modifications), Physical Properties, 
Electrochemical Properties, Chemical Properties, Non-aqueous 
Solutions of Sulfur, and Sulfur as a Solvent. 

The chapter on physical properties is by far the most extensive, 
comprising more than half of the book. The discussion of the 
preparation and properties of the allotropic forms of sulfur is 
particularly detailed, and it is quite evident that special care has 
been taken to clarify this difficult subject. Many numerical data 
on physical properties are given, and the chemical reactions of 
sulfur with elements and compounds are described at length. 
Sulfur dissolves in a surprisingly large number of inorganic and 
organic liquids; the physical and chemical properties of these 
solutions are carefully reviewed. 

In spite of the high price of this book, any chemist who is 
primarily interested in the chemistry of sulfur should purchase a 
copy for his own use. Every chemical library, of course, must 
have it. 


JOHN C. BAILAR, JR. 
UNIVERSITY OF ILLINOIS 
Ursana, ILLINOIS 


e A SPECULATION IN REALITY 


Irving F. Laucks, The Philosophical Library, Inc., New York, 
1953. 154 pp. 13.5 X 20cm. $3.75. 


Tue theme of this book may be found in the author’s state- 
ment, “‘...there can be nothing supernatural in the universe.” 
Speculating in the realms of physics, chemistry, biology, and 
psychic phenomena he comes up with some rather unorthodox 
interpretations. He speaks of ‘‘two great mysteries,” one of 
which is man’s soul and the other which is all the world outside 
of man’s soul. He postulates four interactions between these 
two “mysteries,” stating that these interactions include most 
of the events of the universe, past, present, and future. 

The investigations leading to our present concept of the atom 
are told in an interesting, if cursory, fashion. Chemical reactions 
including nuclear chemical reactions are postulated as recurring 
in the phenomena of life and of the soul, as well as in the world 
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of inanimate matter and energy. Life is held to be ‘‘unquestion- 
ably” a series of chemical reactions. 

Many readers will be of the opinion that the author has gone 
to extremes in his efforts to show the pre-eminence of chemical] 
processes. For example, of man’s instincts he says, ‘‘instincts 
are chemical reactions’; of man’s soul he feels that as a result 
of numerous observations it is logical to conclude that ‘the 
processes whose result we call the soul must have some sort of 
intimate connection with ordinary chemical reactions... .” 

The book is provocative, interestingly written, and evidences 
a sincere search for answers to ageless questions. The author has 
ignored one excellent reference source. This reviewer would 
suggest that he “search the Scriptures.””’ His own admission 
in Chapter 9—there are ten chapters—is revealing: 


“Our exploration of nature has now led in an unbroken line 
from one unknown at the start...—the nucleus—to the great 
mystery at the end, man’s soul. We are in a fog at both ends.’, 


He concludes his speculation with a plea for research ‘‘on the 
soul and other phenomena of Reality.” 


SISTER MARY MARTINETTE, B.V.M. 
MUNDELEIN COLLEGE FOR WOMEN 
Cuicaaeo, ILLINOIS 


» FUNDAMENTALS OF INORGANIC, ORGANIC AND 
BIOLOGICAL CHEMISTRY 


Joseph I. Routh, Professor of Biochemistry, State University of 


Iowa. Third edition. W. B. Saunders Co., Philadelphia, 1954. 
ix+4l8pp. l06figs. 14 20cm. $4. 
* LABORATORY MANUAL OF CHEMISTRY 


t 
Joseph I. Routh. Third edition. W. B. Saunders Co., Phila- 
delphia, 1954. xii+109pp. 36 figs. 14 X 20cm. $1.75. 


Tuis text is the second revision of a book intended primarily 
for nurses, although suitable for other groups, in the opinion of 
the author. The changes follow suggestions from instructors 
and students, along with alterations necessary to bring it up to 
date. This added material results in a book which is one-fifth 
larger than its predecessor. More illustrations and review 
questions account for some of this increase. Certain sections, 
such as that on valence, are expanded and clarified in contrast 
to the second edition. Ozone and heavy water are discussed 
briefly. The section on radioactive elements is nearly tripled 
in length. 

The author revises much of the organic section. In general, 
it appears that more descriptive material has been included on 
such topics as coal, petroleum, and natural gas. The section 
on the cyclic hydrocarbons has been extended in view of the im- 
portance of these compounds in medicinal products. It might 
be said that the outline of organic compounds given in the second 
edition has been developed as an essay in the third edition. 
Moreover, a smoother presentation results from the inclusion of 
certain introductory and explanatory sentences. 

A few minor changes should be made in any future editions. 
Several references to “the war,” clear enough in edition II, are 
ambiguous in edition III. The statement on page 273 should 
be clarified. To quote: ‘Following the processes of digestion 
and metabolism further chemical changes take place in the tissues. 
These changes are known as metabolism.” 

In both the second and third editions the author includes more 
material on biochemistry than is done in similar textbooks. 
In the preface to the second edition he states that ‘‘the tendency 
has been to develop the inorganic chemistry to such an extent 
that organic and biochemistry are covered too briefly... . Within 
the brief period allotted to chemistry, therefore, the sections on 
inorganic, organic, and biochemistry should be so arranged that 
a good share of the time is spent in the study of biochemistry.” 
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The reviewer admits the validity of this viewpoint, but questions 
in the light of personal experience the ability of the average 
elementary student to absorb the more complex details of this 
section. However, it is valuable to have the material available 
for future student reference or for the preparation of special re- 
ports by students with more background. 

In general, the book is a good, conscientious treatment of the 
material needed in a chemistry course for student nurses and 
others requiring a nontechnical descriptive text. It contains 
any applications from everyday living. 

The accompanying laboratory manual, which follows the 
text quite closely, has been revised to include a section on radio- 
activity as well as more work on organic compounds. , The 
manual has been prepared thoughtfully. It contains short ques- 
tions on the experiments and their applications. The manual, 
and likewise the text, is relatively free from typographical errors. 
Slight changes in format have been made in this last edition, 
which improve the usefulness of the books. 


HELEN I. MINER 
Wayne UNIVERSITY 
Derrort, MIcHIGAN 


& NEW FIBRES FROM PROTEINS 


Robert Louis Wormell. Academic Press, Inc., New York, 
1954. xx + 208 pp. 112 figs. 29 tables. 14.5 X 22 cm. 
$5.80. 


As sTATED in the preface, the objectives of this book are (1) 
“to record an accumulation of facts, experiments, and observa- 
tions. ..’’ in the field of new protein fibers and (2) to “put for- 
ward ‘The Corpuscular Theory.’ ’”’ It is the opinion of this re- 
viewer that the author was more successful in accomplishing the 
first objective. 

The discussions of technological problems encountered in the 
spinning and treatment of protein fibers will interest those con- 
cerned with synthetic-fiber research and production. Protein 
chemists in all fields will benefit from the descriptions of experi- 
ments dealing with various types of protein. References are 
numerous and up to date. 

The author’s literary style is unusual in technical writing, in 
many passages perhaps too casual but interspersed with elucida- 
tive imagery. This makes the text a delight to read, but some- 
times weakens the argument leading from result to conclusion. 

Workers in all phases of fibers and protein technology will 
glean valuable background from a perusal of this stimulating 
book. 


GEORGE A. RICHTER, JR. 
Roum & Haas Company 
PHILADELPHIA, PENNSYLVANIA 


e METHODS FOR EMISSION SPECTROCHEMICAL 
ANALYSIS 


Committee E-2 on Emission Spectroscopy, American Society 
for Testing Materials, Philadelphia, 1953. vii + 309 pp. Many 
figs. and tables. 14 X 23 cm. Cloth bound, $5.15. Paper 
bound, $4.50. 


Tuts useful manual is a compilation of tentative and suggested 
methods of spectrochemical analysis, published by the American 
Society for Testing Materials under the sponsorship of its Com- 
mittee E-2 on Emission Spectroscopy. It represents the effort 
o! the society to promote the standardization of laboratory 
practice and procedures in the spectrochemical analysis of a 
rather wide variety of alloys and nonmetallic substances. Four 
of the procedures are designated as “tentative” methods, and as 
such have the provisional official approval of the A. 8S. T. M. 
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More than 50 are “suggested” methods, which have been pre- 
pared in the form of standard A. S. T. M. methods by various 
contributors. These do not have the official approval of the 
A. 8. T. M., but are offered for their general usefulness pending 
further action by the E-2 committee. 

In addition, three suggested practices contributed by other 
writers deal with the following topics: installation and safe 
operation of the spectrochemical laboratory, photographic proc- 
essing in spectrochemical analysis, and photographic photometry 
in spectrochemical analysis. A committee report on suggested 
nomenclature in applied spectroscopy is particularly noteworthy. 

This book is not, in any sense of the word, a textbook. Its 
format is very strictly standardized, as befits a manual of oper- 
ation. Its purpose is to direct, not to explain, and as such it 
serves the interests of procedural standardization. Each con- 
tribution presupposes a thorough working knowledge of emission 
spectrochemical analysis, and in uniform declaratory terms sets 
forth six aspects of the suggested method: 

(1) Scope (elements determined and range of concentration). 

(2) Outline of method. 

(3) Apparatus. 

(4) Procedure (standard samples, sample preparation, elec- 
trode system, excitation, exposure, photography and photom- 
etry). 

(5) Precision. 

(6) Accuracy. 

Practicing spectrochemists will welcome this addition to their 
technical literature. 


NORMAN H. NACHTRIEB 
UNIVERSITY oF CHICAGO 
Curcago, ILLINOIS 


& INTRODUCTION TO NUCLEAR ENGINEERING 


Richard Stephenson, Consulting Engineer, Lénoir City, Ten- 
nessee. McGraw-Hill Book Company, Inc., New York, 1954. 
xii + 387 pp. 16 X 23.5cm. 139 figs. 42 tables. $8. 


Tuis instructive and useful book is one of the first publications 
to place before advanced college students a text in this new branch 
of engineering. Since the start of the plutonium project in 1941- 
42, courses of instruction have been given to engineers at the 
various sites involved in work on nuclear chain reactions. Most 
notable among the courses pertaining to what is now becoming 
nuclear engineering has been the training program at the Oak 
Ridge national laboratory. In the period of slightly more than 
twelve years during which work on nuclear reactors has been 
under way, the engineering content of the work has increased 
markedly. At the same time the body of pertinent information 
which is unclassified or declassifiable without harm to national 
security has also grown. It is now gratifying that anintroductory 
text can be placed before all persons who wish to follow a sys- 
tematic introduction to the field. Such open publications are 
essential in order that this field of engineering grow into its proper 
place of importance. 

The authors present this new field of engineering by means 
of the following discussions: a review of nuclear physics, a dis- 
cussion of nuclear fission, descriptions of nuclear chain reactors, 
a presentation of the simple theory describing nuclear reactors, 
a consideration of the shielding against nuclear radiation, state- 
ments on materials of construction, and an outline of the methods 
and instruments for control and operation of reactors. Topics 
related to the main subject are contained in the last three chapters 
and include the importance of and the methods for separating 
stable isotopes, the chemical processing of reactor fuels and other 
materials, and special techniques used in handling or working 
with reactor materials. The treatment of the subject matter 
throughout is concise, and quantitative relationships are de- 
veloped and used to the extent permitted by the level of the book. 
These relationships are illustrated by numerous problems and are 
given physical significance in words. Clarity prevails throughout 
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the book. Units and terms are well defined. The description 
of research reactors in some detail, together with illustrations, 
gives the discussion a reality which has not been achieved in much 
of the writing on reactors themselves to date. 

Some rather minor points for which some persons might prefer 
a different handling are as follows: The author avoids the use 
of the symbol alpha, familiar to reactor physicists, for the ratio 
of the cross section for capture to that for fission by defining a 
quantity a as the ratio of fission cross section to absorption cross 
section. The book, dated 1954, states on page 83 that the 
materials-testing reactor at Arco, Idaho, is just starting, and 
on page 85 that it is now in operation. The reactor was placed 
in operation in the late spring of 1952. Some repetitious de- 
scription of temperature effects on control of water boiler reactors 
occurs on pages 89 and 90. With regard to the discussion of 
breeding on page 91, this reviewer is more familiar with the notion 
that breeding gain is considered to be n — 2 or this quantity lowered 
by other losses of neutrons, rather than the gain in total atoms of 
fuel in a reactor as presented by the author. The author’s dis- 
cussion of the structure of 6-uranium could have been amplified by 
reference to the work of C. W. Tucker who published this struc- 
ture in Acta Crystallographica, 4, 425 (1951). On page 229 it 
would have been preferable not to mix the effects of Frenckel 
defects with the general theory of work hardening of solids. 
The utility of the book is not affected by the treatment of these 
points. 

Advanced college students and others with comparable prep- 
aration will find this book a valuable help in making a start in 
the field of nuclear engineering. 


J. P. HOWE 
Nortu American Aviation, Inc. 
Downey, CALIFORNIA 


MASTER'S THESES IN SCIENCE, 1952 


Edited by Barton Bledsoe, Bibliographic Branch, Department 
of the Army Library. Biblio Press, Washington, D. C., 1954. 
v+ 252 pp. 16 X 23.5cm. $7. 


Lists, among those in many other fields, 970 theses in chem- 
istry and chemical engineering, with subject, author, and in- 
stitution. 


% THORPE’S DICTIONARY OF APPLIED CHEMISTRY. 
VOLUME XI: SOIL, ORGANIC — OF, 
TO ZYMURGY 


Sir Ian a Chairman, Editorial Board. Edited by M. A. 
Whiteley, A. J. E. Welch, and L. N. Owen. Fourth edition. 
Longmans, Green ‘and Co., New York, 1954. x + 1145 pp. 
Illustrated. 15.5 X 23.5cm. $25. 


TuorPe’s “Dictionary” is well known to be one of the oldest 
and most complete works of its kind. Much more than a dic- 
tionary in the ordinary sense of the word, of course, it goes far 
toward being an advanced textbook in numerous fields. This 
volume, with its substantial sections on such topics as stereo- 
chemistry, steroids, synthetic drugs, tautomerism, terpenes, 
valence theory, etc., is a veritable textbook of organic chemistry. 
Its numerous contributors, including many well known names, 
have brought this edition up to date, as a glance at such sections 
as “‘Technecium”’ will show. 


* INTRODUCTION TO THE THEORY OF ERROR 


Yardley Beers, Associate Professor of Physics, New York Uni- 
versity. Addison-Wesley Publishing Co., Inc., Cambridge, 
Massachusetts, 1953. vi-+65pp. 14x 20 cm. Paper bound. 
$1.25. 


Smpte treatment of general principles without using more 
than moderately complicated mathematics. 
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* BIBLIOGRAPHY ON RESEARCH ADMINISTRATION 


George P. Bush, Professor, The American University. The 
University Press of Washington, D. C., Washington, D. C., 1954. 
iv+146 pp. 15.5 X 24cm. $4. 


PARTICULARLY for the research director and his staff, the 
research worker at all levels, and the development engineer. 
Eleven hundred references are grouped under headings such as: 
research process, budget and finance, organization and manage- 
ment, personnel administration, external relations, research 
in action. 


@ MANUAL FOR PLASTIC WELDING. VOLUME I: 
POLYETHYLENE 


G. Haim, Rediweld Ltd., Crawley, Sussex, England, and J. A. 
Neumann, American Agile Corporation, Bedford, Ohio. In- 
dustrial Publishing Co., Cleveland; 1954. xiv + 128 pp. 36 
plates. 29 figs. 14.5 22.5cm. $6. 


Fut of useful practical information, as the name will imply, 
which can be put to use in the chemistry laboratory. 


td EXPERIMENTAL INORGANIC CHEMISTRY: A GUIDE 
TO LABORATORY PRACTICE 


R. E. Dodd, Lecturer in Inorganic Chemistry, and P. L. Robin- 
son, University Reader in Inorganic Chemistry, King’s College, 
Newcastle Upon Tyne, University of Durham, England. Elsevier 
Publishing Company, Houston, Texas, 1953. xii + 424 pp. 
15.5 X 23cm. 162 figs. 35 tables. $6.50. 


Tuts unusual book should be valuable to all laboratory workers. 
It is designed “for the beginner in research, giving in a single, 
relatively small volume, a survey of those general experimental 
methods which have proved particularly useful in the field of 
inorganic chemistry.”” The authors, from King’s College, 
University of Durham, have succeeded amazingly well in this 
objective. It is more than a mere handbook of methods; it 
seems to offer friendly and helpful counsel for the worker who 
enters a hitherto unfamiliar field with some reticence. One 
statement in the preface continues throughout: ‘Normally, 
as is right, research is begun under direction; but sooner or later 
the flow of ideas must be mutual and it is hoped that this book 
may help to make it so.” 

Chapter 1, General Basic Techniques, deals with both macro 
and micro methods, with many descriptions and illustrations 
of apparatus. Chapter 2, Handling of Gases; Vacuum Tech- 
nique, continues in the same manner and includes some general 
instruction in glass working and many useful points about glass 
joints, waxes and cements, pumps, manometers, gages, etc. 
The reader is well repaid by these two chapters alone, although 
there are more lengthy sources of information about these topics. 
Chapters 3 and 4 deal with preparatory methods of a wide va- 
riety of elements and compounds. Many of these are of up-to- 
date interest, such as deuterium and some of its compounds. 
There are useful suggestions for the purification of hydrogen, 
oxygen, etc. 

Chapter 5, Colloids and Disperse Systems, at first seems strange 
in such a book, but it seems to fit in nicely with the general plan. 
Methods of studying colloidal systems and of preparing colloids 
are emphasized. 

Chapter 6 deals with physical methods, which cover a wide 
range from density and vapor pressure to X-ray, electron, and 
neutron diffraction. 

Chapter 7 deals with the literature of chemistry and its use; 
presentation of data in the form of reports, etc.; some practical 
considerations of laboratory safety. Itis frankly intended for the 
inexperienced technician. 

Dealing with as wide a range of subjects as it does, the coverage 
is necessarily thin in places. A compensating factor is the very 
copious list of references, which on the whole are adequate and 
up to date. Inevitably, specialists in particular fields will find 
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some omissions and oversights. For instance, one will wonder 
that uranium is not mentioned among the several absorbents for 
nitrogen; that such a pessimistic opinion is given of the auto- 
matic operation of Toepler pumps; that the simple designs for 
stopeock pressure clamps were overlooked. But these things 
can be excused in view of the excellent job the authors have done 
in preparing a laboratory guide and help for the beginner in re- 
search and the more experienced operator alike. 


NORRIS W. RAKESTRAW 
Scripps INSTITUTION OF OCEANOGRAPHY 
La Jo“ua, CALIFORNIA 


INORGANIC QUANTITATIVE ANALYSIS 


Carroll W. Griffin, Professor of Chemistry, Vassar College. 
Second edition. The Blakiston Co., Inc., New York, 1954. xvi + 
417 pp. 48 figs. 24 tables. 15 X 23cm. $4.75. 


Most of the first edition has been reprinted in the second. 
Additions include a chapter on Separations, new experiments in 
iodometry (iodine in aqueous solution, tetraethy] lead in gasoline, 
and dissolved oxygen in water) and in colorimetry (using photo- 
electric colorimeters and spectrophotometers), a greatly ex- 
panded chapter on Colorimetry, and a number of new problems. 

Most of the points mentioned in a review of the first edition 
(J. Cuem. Epuc., 27, 171 (1950)) have been well considered by 
the author. The expanded discussion of the effect of chloride 
on the iron-permanganate titration is excellent, and the use of 
intermediate unstable oxidation states of manganese is a welcome 
sight. Some controversial points remain unchanged and this 
reviewer would call attention to the following items. 

Considering the scope of the text, an undue amount of space 
(4 pages) is devoted to the titration of a weak acid with a weak 
base. On page 112, the calculation of pH for an acid salt, NaHA, 
is apparently for a general case. Actually the K’s for carbonic 
acid are used but not identified as such, and it is not clear whether 
the approximations are valid for a general case or not. The 
discussion could easily be made for a general case, resulting in 
greater clarity and a better appreciation of the use and validity of 
approximations. On page 137 it is stated that “more and more 
sensitive indicators are needed” if the titrations of very weak 
acids and polybasic acids are to be feasible. The sensitivity of 
an indicator is not a well defined term in this use. 

The equivalent weight of an oxidizing or reducing agent is 
defined on page 173 in terms of the number of electrons lost or 
gained. A short discussion would be welcome at this point con- 
cerning the evaluation of equivalent weight for substances which 
do not directly enter into the titration reaction, e. g., calcium by 
permanganate titration and lead by the dichromate method. 
The argument concerning the equivalent weight of iodate on 
page 238 is difficult to follow. The sign conventions for calcula- 
tion of e. m. f. used in the first edition have been retained and do 
not conform to the widely accepted Lewis conventions. It is 
my opinion that the discussion of the conventions and correlaries 
could be better integrated so that they would seem more logical 
and easier to remember. The influence of pH and complexing on 
the effective e. m. f. of redox reagents has not been emphasized. 

The discussion of organic reagents is much too brief (4 pages, 
including two complete determinations), and does not indicate the 
true nature of chelates (the structure of nickel enteiraes 
is given as a simple salt on page 309). 

It is regrettable that in the field of colorimetry, already con- 
fused with symbology, the author has adopted another set of 
symbols, rather than those proposed by the Joint Committee on 
Nomenclature in Applied Spectroscopy (Anal. Chem., 24, 1349 
(1952)). The terminology in this section is loose and poorly 
defined; e. g., on page 360 transmittancy, 7’, and absorbancy, A 
are defined in terms of each other but not related to measurable 
quantities. There is no discussion of apparent deviations from 
Beer’s law. It is implied that spectrophotometers givé “nearly 
monochromatic light,”” whereas the one passes 
a band width of 35 mu. 
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This reviewer wishes to make a plea for textbooks that can be 
used in the order in which they are written. By the fourth 
laboratory period most students using this book would be doing 
acidimetry, by which time they have presumably covered general 
information, accuracy, and related topics including the treatment 
of errors, calibration, and separations. It is obvious that either 
the lectures will be poorly correlated with the laboratory, or that 
inevitably the instructor must skip around in the text. I sub- 
mit that a gravimetric experiment with very simple principles and 
easily attained accuracy, such as the gravimetric chloride, is the 
best place to begin. Furthermore, this provides an easier route 
to equilibrium considerations via the relatively simple solubility 
products. 

Much of the above discussion concerns matters of opinion and 
taste, and many instructors will undoubtedly find this text ex- 
tremely useful and teachable. It retains the conversational 
style of the first edition and contains a wealth of problems, some 
with answers, and a wide selection of standard experiments. 


ROBERT L. PECSOK 
UNIVERSITY OF CALIFORNIA 
Los ANGELES, CALIFORNIA 


* THE VITAMINS: CHEMISTRY, PHYSIOI OGY, 
PATHOLOGY. VOLUME II 


Edited by W. H. Sebrell, Jr., National Institutes of Health, and 
R. S. Harris, Massachusetts Institute of Technology. Academic 
Press, Inc., New York, 1954. xiii + 766 pp. Many figs. and 
tables. 16 X 24 cm. $16.50. 


Tue 29 authors contributing to this volume have all been pro- 
ducers in the field of vitamin research. Some of them have 
been pre-eminent in recent work. The subjects covered in 
Volume II are: Choline, Vitamin D group, Essential fatty acids, 
Inositols, Vitamin K group, Niacin, and Pantothenic acid. 

Among the sections that will be welcomed by a large number 
of biochemists are those dealing with the complex and puzzling 
stereoisomerism of the inositols, by H. A. Lardy and E. Chargaff. 
Equally useful is F. Lipman’s treatment of the relation of panto- 
thenic acid to coenzyme A and the functioning of the latter. 
Lipman, the leading pioneer in studies of this fundamentally 
important aspect of metabolism, gives an authoritative and com- 
prehensive contribution. 

While these and some other sections are notably timely and 
useful, all parts of the volume are of high quality. The editors 
have been careful, as they were in the preparation of Volume I 
of this work, to maintain relative uniformity throughout in 
style of writing, system of exposition, and choice of material. 
Footnotes on every page provide a rich mine of bibliographic 
references. 

Anyone who expects to have a library well supplied with 
vitamin literature will find this volume a mast. 


PHILIP H. MITCHELL 
Brown UNIVERSITY 
Provipence, 


® VEGETABLE FATS AND OILS 


E. W. Eckey, E. W. Eckey Research Laboratory, Cincinnati, 
Ohio. American Chemical Society Monograph Series No. 123. 
Reinhold Publishing Corp., New York, 1954. ix + 836 pp. 
Many figs. and tables. 16 X 23.5cm. $16.50. 


A COMPREHENSIVE treatise on a technical field of knowledge 
calls for a broad and authoritative treatment of subject matter 
and at the same time must be accurate, well organized, and useful 
not only to the specialist but also to persons in allied fields. 
Eckey’s present volume answers the above requirements in almost 
every detail. 
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A comparison of this volume with its predecessor, ‘Vegetable 
Fats and Oils” by G. S. Jamieson (A. C. S. Monograph No. 58) 
reveals readily its different organization and more useful approach 
to the subject. The outstanding specialty of the book is found 
in the presentation of the most important fats and oils according 
to their botanical classifications. This approach replaces the 
usual grouping according to iodine number and offers a more 
practical method of classification for the present purpose. 

The general arrangement of the 22 chapters reveals the follow- 
ing pattern: An introductory chapter which presents the author’s 
plan, as well as the significance of the vegetable fats and oils; 
three chapters on chemical composition, physical properties, and 
chemical properties of the fats, respectively; One chapter on the 
biochemical and nutritional aspects of fats; a chapter on the 
genesis of fats and oils in plants by Lawrence P. Miller; one 
chapter on methods of analysis. The remaining 15 chapters (8 
through 22) treat at length the important vegetable fats and oils, 
and these are described according to their botanical relationships 
among the plants from which they originate. Thus, nearly two- 
thirds of the treatise covers comprehensively the significant facts 
about the vegetable fats and oils and their origins. The addition 
of pertinent tabular material enhances the value of the descrip- 
tive portions. The index is an excellent one. 

The author’s attempt to present pertinent literature, both old 
and new, deserves special comment. A spot-checking of the refer- 
ences presented in several chapters showed from 30 to 50 per cent 
to be later than 1945. The number of individual references for 
the 22 chapters totals better than 3250. This number is increased 
by special references at various places in the body of the textual 
material, which the author presents in anticipation of the reader’s 
desire to pursue further information on certain topics. The 
alphabetical listing of references at the end of each chapter attests 
to the desire of the author to increase the utility of the volume. 

The actual number of adverse criticisms is few. Good nomen- 
clature calls for better terms than ‘‘normal propanol’’ and ‘‘iso- 
propanol’’ (page 20). Although the author explains the nomen- 
clature of the fatty acids in detail, he has omitted (inadvertently, 
in all probability) reference to the nomenclature of mixed gly- 
cerides. The author makes reference to a largely discarded four- 
division classification of the plant kingdom, but one which is 
simple and easily understood. Likewise, the terms “cryptogams”’ 
(nonflowering plants) and ‘‘phanerogams”’ (flowering plants) are 
somewhat obsolete. 

The details of the treatise, such as spelling, accuracy of formu- 
las, clarity of expression, manner of presentation, and completc- 
ness of the index are given as careful attention as the important 
technical aspects. The book, above all, is interestingly written. 
This comprehensive treatise will be, in the words of the publisher, 
“the fundamental reference work in this field. It will prove of 
exceptional value to all chemists and other personnel engaged in 
producing, processing or utilizing vegetable fats and oils, and of 
great interest to agronomists, nutritionists and others working 
with oil-bearing plants and their products.” 


ROY G. BOSSERT 
Ouro WESLEYAN UNIVERSITY 
DELAWARE, OHIO 


s FLOW PROPERTIES OF DISPERSED SYSTEMS 


Edited by J. J. Hermans, University of Leiden. Interscience 
Publishers, Inc., New York, 1953. xi + 445 pp. Illustrated. 
16 X 23.5cm. $9.90. 


TuE aim of this work is to summarize the principal theoretical 
and experiinental knowledge of the mechanical properties (par- 
ticularly flow characteristics) of a wide variety of dispersed 
systems. 

R. Roscoe treats in a semiquantitative manner the difficult 
problems of thixotropy and turbulefice of suspensions. Methods 
of preparation and conditions of stability of emulsions are covered 
by E.G. Richardson. A rigorous mathematical treatment of the 
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viscoelastic properties of gels is given by J. J. Hermans. Equally 
rigorous is the treatment by C. Sadron of the viscosity of solutions 
of rigid particles (e. g., proteins). Another chapter by J. J. 
Hermans consists of a summary of current theories of the hy- 
drodynamics of dilute solutions of flexible-chain high polymers. 
Liquid sprays, that is, coarse aerosols, are treated by E. G. 
Richardson. The theory of the production of stable liquid aero- 
sols is considered by H. L. Green. The measurement of the 
mechanical properties of foams is treated by R. Matalon. 
The theory of the formation and stability of fine aerosols (smokes) 
is treated by H. L. Green. Some mechanical properties of pow- 
ders are discussed by B. 8S. Neumann. 

The particular value of the book is that it draws together in- 
formation from a wide variety of sources. The surveys, pre- 
sented by competent writers who are as well experts in their re- 
spective fields, are stimulating and informative. The theoretical 
treatment is uneven due to the fact that development in one 
field such as high polymers may have progressed further than in 
some other field, say foams. 


GERALD OSTER 
Po.yTEcuNic INSTITUTE OF BROOKLYN 
Brooxtyn, New 


8 SCIENCE FACILITIES FOR THE MODERN HIGH 
SCHOOL 


Paul DeH. Hurd, School of Education, Stanford University. 
Stanford University Press, Stanford, California, 1954. viii + 
52pp. 7figs. 13.5 22.5cm. $2. 


Tuts monograph, the second in a series, marks the first attempt 
of the Stanford School Planning Laboratory to share with others 
a particular subject field in applied form to show how educators 
should approach the planning of school buildings and instruc- 
tional facilities. The format of the monograph has been de- 
veloped to make possible frequent publication and inexpensive 
revisions as valuable materials in educational administration 
appear. 

The ten chapters inelude planning of science rooms with par- 
ticular specifications, trends, and developments in secondary- 
school science teaching which influence science education prac- 
tice; factors basic to the development of adequate science fa- 
cilities; illustrations of modern science rooms as well as aux- 
iliary science classrooms; equipment and furnishings for such 
rooms as well as for science-teaching facilities outside of the class- 
room. The final chapter is a master checklist of science fa- 
cilities. Studies of this kind help administrators to get a good 
point of view and the science teacher to be a better planner. 


GRETA OPPE 
Batu Hier 
GALVESTON, TEXAS 


MATTER ENERGY MECHANICS 


Jakob Mandelker, Associate Professor of Mechanics, Georgia 
Institute of Technology, Atlanta, Georgia. Philosophical Library, 
New ‘ork, 1954. viii + 73 pp. 20 figs. 23 x 15.5 cm 
$3.75. 


Tue author, in his endeavor to get a more general formulation 
of relativity theory, introduces a new kinetic energy formula. 
He arrives at this formula by treating the increase of mass with 
velocity as equivalent to motion with resistance. The book is 
devoted to an elaboration of this point of view. The viewpoint 
has few, if any, experimental consequences which can be tested 
and so will be of limited interest. 


HENRY EYRING 
University or UTAH 
Sat Lake City, Utan 
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Delmar-Urry Greaseless Valve 


A new greaseless type stock valve was 
recently announced by Delmar Scientific 
Laboratories. The Delmar-Urry valve 
prevents grease contamination of the appa- 
ratus by replacing the usual lubricated 
stopcock with a mercury-sealed needle 
valve. This is incorporated in the mer- 
cury reservoir that screws down onto a 
ground glass seat. Thus, the entire valve 
is grease free and is said to remain clean 
and easily operated. 

For prices and additional information, 
write to Dept. JCE, Delmar Scientific 
Laboratories, 1551 North Cicero Avenue, 
Chicago 51, Illinois. 


New Muffle Furnace 


Hevi Duty Electric Company announces 
a newly designed Alloy 10 Muffle Furnace 
for continuous operation at 2300°F. 


This modern styled furnace is a com- 
plete self-contained, compact unit with 
all the necessary temperature-indicating 
and accurate control devices located in the 
pyramid type furnace base. Temperature 
is easily adjusted and maintained by the 
multiple step switches which vary the volt- 
age to the heating coils. The long life heat- 
ing coil is formed of Alloy 10 wire and 
completely surrounds the heating chamber, 
offering positive uniform temperature the 
entire length of the working space. 

More information about the several 
sizes is available in Bulletin 954, which 
may be had by writing to Hevi Duty Elec- 
tric Company, Milwaukee 1, Wisconsin. 


Industrial Cartesian Manostat 


The manufacture of a new cartesian 
Mmanostat for industry which will be capa- 
ble of maintaining precise pressure control 
was announced by Emil Greiner Co., 20-26 
ag Moore Street, New York 13, New 

fork. 


The new instrument contains features 
which permit its direct application to in- 
dustrial processes, through an increase in 
capacity over present units and the addi- 
tion of an integrating counter which 
directly indicates the pressure setting. 
The latter feature was developed by mak- 
ing the instrument an absolute and dif- 
ferential type. 


New Pipette 


A new slender long-tip pipette has been 
developed by Kimble Glass Company, 


subsidiary of Owens -Illinois, for easy inser- 
tion into apparatus with narrow openings. 
It is useful for delivéry ‘of’ or*removing - 
fluids from small volumetric flasks, War- 
burg flasks, absorption cells, and micro- 
centrifuge tubes. 

The pipette is available in two types: 
Serological, with graduations to the ex- 
treme tip; and Mohr, graduated tc a base. 
The taper has a strong wall and is gradual, 
running over two inches from its start to 
the slender tip. The new Serological 
pipettes are manufactured in 2/;) and 1 
ml. capacities. Mohr pipettes with the 
slender long tip are made in five sizes: 
1/10, 2/10, 1, 2, and 5 ml. capacities. 


Safety Pipette Filler 


A new, ingeniously designed safety 
pipette filler which can eliminate the dan- 
gerous practice of mouth pipetting, is now 
available. This instrument operating on 
the principle of accurately controlled suc- 
tion, gives a high measurement precision 
of 0.01 cc. Trade-named “Propipette,’’ 
it has three agate-ball valves which operate 
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Pam, 


WHATMAN 


Filter Paper 
No. 1 for General Chemistry 


The filter papers dispensed to students in 
their first course in chemistry should drain 
fairly rapidly, be sufficiently retentive to 
reduce the necessity of refiltering to a 
minimum, be strong enough to stand the 
techniques of untrained hands and be 
reasonably inexpensive. 


Because WHATMAN Filter Paper No. 1 so 
completely fills these specifications, it is the 
choice of leading universities and colleges 
throughout the world. 


WHATMAN Filter Papers are doubtless 
standard in your laboratories but you may 
get some new ideas on their uses from our 
new catalog that is yours for the asking. 
Why not send for a copy today? 


H. REEVE ANGEL & CO., INC. 


52 Duane Street New York 7,N. Y. 


Remember that for Chromatography and Electrophoresis 
WHATMAN Filter Papers and Cellulose Powders are 
world renowned. 
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Only through distillation 
are bacteria, organics, and 
non-ionizable impurities 
removed! With a ‘Barn- 
stead Water Still in the 
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independently; the entire procedure being 
easily controlled with one hand. The 
operation of this safety pipette filler is 
extremely simple; the user becoming pro- 
ficient after a relatively short period of 
time. A feature which is of great value, is 
that the ‘“Propipette” holds the liquid at 
the set level indefinitely so that the pro- 
cedure of pipetting can be interrupted. 
“Propipettes” are recommended for the 
transferring of radioactive solutions, cor- 
rosive, toxic, infectious, and ill-smelling 
liquids. They are available from Instru- 
mentation Associates, 17 West 60th Street, 
New York 23, New York. 


Acid Resistant Work Clothes 


Worklon—a pioneer in the utilization 
of the miracle fibers, DuPont’s Orlon and 
Union Carbide’s Dynel, for chemical re- 
sistant work clothes—spent long months 
in research and testing to achieve this 
successful Dynel weave which combines 
all the qualities most demanded for 
rigorous industrial wear. The newly de- 
signed Dynel weave—a Worklon exclu- 
sive—is exceptionally resistant to acids 
and caustics; and has been proved to out- 
last wool and cotton by as much as 2 to 1 
under specific chemical conditions. In 
addition, work clothes of this new Dynel 
fabric present a far neater, handsomer 
appearance. The pleasing grey color 
actually serves to “camouflage’’ dirt— 
requires less laundering. 

Complete details regarding Worklon’s 
new line of Dynel industrial apparel are 
furnished in the company’s latest catalog 
which is free upon request. Simply ad- 
dress Worklon, Inc., 253 West 28th Street, 
New York, New York. 


Laboratory Dryer 


C. G. Sargent’s Sons Corporation of 
Graniteville, Massachusetts, announce a 
new, portable, completely self-contained 
dryer designed and manufactured by 
them. It is available to industry and to 
university laboratories on a rental, a 
rental-purchase, or outright purchase 
basis. 

It is believed to be the first such ma- 
chine to incorporate every known feature 
of a research laboratory dryer with the 
tremendous advantage of portability. 
This new dryer is full-size, not a midget 
or junior model. It is fully instrumented. 
It uses either steam-heated or electrically- 
heated air. The heavy duty ball bearing 
casters on which it is conveniently 
mounted lock securely when dryer is posi- 
tioned at the job or in the laboratory. 
After the usual simple steam and electrical 
connections have been made, the dryer is 
ready to go to work. It may be moved 
quickly and easily to any location, wher- 
ever or whenever needed. 


Conductivity Cells 


A complete line of plastic-bodied con- 
ductivity cells is announced by Industrial 
Instruments, Inc., Dept. JCE, 89 Com- 
merce Road, Cedar Grove, New Jersey. 
The new cells are available as either 
threaded or dip types. A wide choice of 
electrodes includes platinum, nickel and 
caron materials while cell constants range 
from 1/100 to 100. 

The new cells are ideal for use in strong 
alkali or acid solutions and will withstand 
temperatures up to 100°C. The plastic 


body is extremely rugged mechanically. 
Prices on these cells are appreciably lower 
than comparable glass types. 


NEW LITERATURE 

@ The 1955 price list on their line of rare 
and fine chemicals is now available from 
K & K Laboratories, 29-46 Northern Blvd. 
Long Island City 1, New York. The cata- 
logue contains prices on approximately 600 
items. 

@ A new 16-page catalogue of plastic spe- 
cialties for science and industry is now 
available from Bel-Art Products, 4917 
Murphy Place, West New York, New 
Jersey. The catalogue lists various stock 
items of polyethylene, vinyl, acetate, and 
lucite. 

@ A new six-page folder describing the 
versatile Sanborn ‘150’ Series oscillo- 


graphic recording systems and components 
has just been released. It contains illus- 
trations, technical data, and specifications 
on two- and four-channel systems, six 
available plug-in preamplifiers, single- 
channel recorder, four-channel system for 
use with analogue computers, and individ- 
ual portable cases for recorders and 
amplifier-power supply units. 

The new folder is available on request 
from Sanborn Company, Industrial Divi- 
sion, 195 Massachusetts Ave., Cambridge 
39, Mass. 


@ Vol. 5, No. 1, October, 1954, The Welch 
Physics and Chemistry Digest contains a 
variety of interesting facts and figures on 
several topics of concern to the high-school 
teacher as well as suggested experiments 
and reference materials. This regular 


A new kind of Corning catalog for scientists 


On occasions when your work de- 
parts from routine requirements 
and you need some special glass ap- 
paratus for the job, this new Corn- 
ing catalog will be a big help. 

Its 109 pages give you a listing 
of many kinds of unusual glass ap- 
paratus for special applications. 
And you'll find all of the informa- 
tion you need about every item: 
capacity, dimensions, prices and 
discounts. 

All the apparatus in the book is 
made of Pyrex brand glass 7740— 


and it can be delivered just a few 
days after your order. Your custom 
orders get special handling to gain 
precious time. 

If you can’t find the special ap- 
paratus you need in our new cata- 
log, send us your specifications—a 
rough drawing will do. Our special 
apparatus section is at your disposal 
for anything you need in glass. 

We would like you to have a 
copy of CA-1, “Custom Made Lab- 
oratory Glassware by Corning.” 
Please use the form below. 


aw 


CORNING GLASS WORKS, Dept. JC-3, Corning, New York 
Please send me the new Corning Catalog CA-1 ‘*Custom 
Made Laboratory Glassware by Corning.'’ 


Name 


Title. 


CORNING GLASS WORKS c 


Corning, N. Y. 


Zone State 


meant aesearch Glasd City. 
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publication is available on request from 
the W. M. Welch Scientific Co., 1515 
Sedgwick Street, Chicago 10, Illinois. 

@ To provide spectrographic analysts 
with the most up-to-date information, the 
Eastman Kodak Company has exten- 
sively revised its booklet on “Kodak Ma- 
terials for Spectrum Analysis.” Priced at 
50 cents, it can be ordered through Kodak 
dealers. Improvements in these materials, 
especially in increased sensitivity, made 
necessary revision of this widely-used 
reference booklet. 

@ The 1955 issue of “Everything in 
Safety,” a new catalogue, covers respira- 
tory devices, eye protection, hats, gloves, 
carboy pumps, drum pumps, and miscel- 
laneous industrial safety equipment and 
many unusual safety specialties for use in 
industries, mines, utilities, and farms. 
Copies are available on request from the 
General Scientific Equipment Co., 2700 
W. Huntingdon Street, Philadelphia 32, 
Pennsylvania. 

@ A newly released 12-page booklet de- 
scribes The Fracton, a new instrument now 
being introduced by Burrell Corporation 
for the analysis of light hydrocarbon 
gases. Typical applications include nat- 
ural gas, gasoline plant gases and liquids, 
refinery gases, cycling plant gases, lique- 
fied petroleum gases, synthetic rubber 
intermediates, petro-chemical gases, and 
other light hydrocarbons. Copies are free 
on request to manufacturer: Burrell Cor- 
poration, 2223 Fifth Avenue, Pittsburgh 
19, Pennsylvania. Ask for Booklet 82. 
@ A new booklet, ‘Cellosolve and Car- 
bitol Solvents,”’ has just been published 
by Carbide and Carbon Chemicals Com- 


pany, a Division of Union Carbide and 
Carbon Corporation. This booklet de- 
scribes in detail the nine commercial glycol- 
ethers sold by the Company. 

An important feature of this booklet is 
a section devoted to the specifications of 
the glycol-ethers and the test methods 
used by Carbide to check these specifica- 
tions. Copies of this booklet are available 
from Carbide and Carbon Chemicals Com- 
pany, 30 East 42nd Street, New York 17, 
New York. 

@ A new booklet, “Glycerine Alkyds Tai- 
lored to Need” is available without cost 
from the Glycerine Producers’ Association, 
295 Madison Avenue, Néw York 17, New 
York. This 20-page reprint of articles 
by Charles R. Bragdon, engineer and con- 
sultant in the field of organic coatings, will 
be of practical value to users of alkyds as 
well as resin manufacturers. 

@ We have received nine small volumes of 
“Polish Technical Abstracts’ covering the 
period from 1952 through 1954. These 
contain bibliographic descriptions of con- 
tributions selected from articles which 
have appeared in technical periodicals, as 
well as from books, pamphlets, and other 
publications appearing in Poland. 

The publishing agency is: Centralny 
Instytut Dokumentokji, Naukowo-Tech- 
nicznej, Warszawa 12, Alej Nupodlegosci 
188. Photocopies, microfilms and trans- 
lations (in Russian, English, French, and 
German) of documents in these abstracts 
are available. 

@ These three new bulletins describing 

recently developed or improved instru- 

ments are available from General Radio 
(Continued on page 45) 


SAVE with ENLEY ... Get Your 


Demineralized Water 
at 2c—4c Per Gallon! 
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You can’t beat the new Enley PERMA-DEMON for low initial cost 
lion cost. Improved manufacturing methods, reduced 
’ and the radically new designed PERMA-DEMON all com- 
bine to bring you Deminerali 
can be obtained from any unit of comparable size. 
The PERMA-DEMON is the only Water Demineralizer of its size 
that does not require Cartridge Replacement by the Manufacturer. 
It performs with the same economy as any larger Cartridge Type De- 
mineralizer. Available now. 


Water at lower cost per gallon than 


AT THE AMAZINGLY LOW COST OF onty® complete 


Comes packed with built-in carborundum porous stone filter and 
fiberglas screen. 

SPECIAL FEATURE: The ion-exchange material can easily be re- 
moved and the PERMA-DEMON refilled with fresh material which 
can be obtained at the lowest net cost anywhere. 


CHART BELOW EXPLAINING COST PER GALLON 


PRECISION 


the complete iine 


in Research 
Laboratory 
Equipment 


Precision Scientific Company manufac- 
tures a COMPLETE SELECTION or more 
than 1500 items for use in research 
laboratories. Quality control and high 
manufacturing standards at our factory 
assure you of top performance on any 
item stamped with the ‘‘Precision" 
name. Always specify Precision when 
you order items like these: 


Freas Ovens 


Gravity or mechanical 
convection, floor, table or 
wall mounting types. Haz- 
ard-safe, explosion-proof 
and vacuum models. Also 
incubators, sterilizers, con- 
ditioning and annealing 
ovens and humidity cabi- 
nets. 


Petroleum Testing 
Apparatus 


All types of equipment for 
the petroleum laboratory. 
Unique Front-View Distil- 
lation Units shown pro- 
mote accuracy and easier 
use by centralizing all con- 
trols and reading instru- 
ments in front. More com- 
pact, space-saving design, 


Metallurgical 
Hand Polisher _ 


Ideal for small labora- 
tories or for standardized 
hand polishing procedures 
in larger labs. Enclosed 
drive mechanism and life- 
time sealed motor assure 
long, dependable opera- 
tion. Exceptionally quiet. 


“Time-lIt” Electrical Stop Watch 


large, legible indicating 
counter easier to read 


than conventional watches. 


cost per gallon 
mineral content output-Gellons per refill per io. of ma- 
parts per million (1 pound of material) teria 
‘as CaC cents 
50 210 1.4¢ 
100 102.5 2.75¢ 
150 69 4.0c ony ing 


refund your money. 


based on material costing $3.25 per lb. and credit of 50c per Ib. for 
exhausted material returned to Enley Products Inc. NET COST OF 
MATERIAL $2.75 per lb. 


Other units available of la resin capacity at ices. 
Write for full details. = 


FOR PROMPT DELIVERY ORDER NOW! 


ENLEY PRODUCTS, Inc. 


1236 BROADWAY Dept. JC-3 


BROOKLYN 21, N. Y. 
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Readings to 1/10 second! 
Can be re-set to zero from 


readings can be totaled. 


Write for free Bulletins on any of the 
above equipment. 


3731 West Cortland Street 
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(Continued from page 42) 


Co., 275 Massachusetts Avenue, Cam- 
bridge 39, Massachusetts. 

The Type 1570-A Automatic Line-Volt- 
age Regulator is useful wherever it is 
desirable to keep the line voltage constant. 
li introduces no distortion and can handle 
any load up to 6 kva for the 115-volt model 
or 5 kva for the 230-volt model. 

Variac® Motor Speed Controls also 
have industry-wide applications. They 
provide smooth speed control over a wide 
range of speeds and are available in 
models from '/;5 h. p. to 1'/2h. p. They 
ave designed for simple installation and 
operation as well as for long, maintenance- 
free life. 

The Type 1862-B Megohmmeter pro- 
vides two test voltages, 50 and 500 volts 
for the measurement of high resistances. 
I‘specially useful for checking insulation 
resistance on all types of equipment, the 
megohmmeter will measure up to 2,000,000 
megohms. It is also useful for production 
testing on components and assemblies, 
and a separate power supply is available 
for battery operation in the field. 

@ The applications of the Alden Electronic 
Impulse and Recording Equipment Com- 
pany’s 30-Channel Recorder are almost 
unlimited in any type laboratory or en- 
gineering development. It can do every- 
thing from recording humidity changes, 
indicate the level of liquids, record the 
time of cessation of guinea pig life or in- 
creased activity of same, to recording ac- 
tivity or inactivity of equipment and 
machines. It is a rugged tool that has 
multiple uses in the laboratory and is not 
limited to special purpose recording. 
Additional information on this and other 
recording devices may be had by writing 
Mr. Roger Staples, Dept. E1, Alden Elec- 
tronic and Impulse Recording Equipment 
Co., Westboro, Massachusetts. 

@ Maleic anhydride, versatile resin-former 
and raw material for a variety of organic 
reactions, is the subject of a 20-page book- 
let, available on request, from Monsanto 
Chemical Company’s Organic Chemicals 
Division, St. Louis 4, Missouri. 

“Dyeing Synthetic Fibers,” 4th edition 
1954, published by General Dyestuff Com- 
pany, a Sales Division of General Aniline 
& Film Corporation, 435 Hudson Street, 
New York 14, New York—a comprehen- 
sive detailed analysis of the methods and 
materials available for dyeing synthetic 
fibers. As mentioned in the Introduction, 
old types are being improved and new 


blends and constructions are being de- . 


veloped, bringing new problems to the 
dyer and finisher. This Fourth Edition of 
Brochure GS-66 includes new develop- 
ments, methods, and ideas not included in 
the previous edition. 

For each of the 26 materials covered, 
some data on chemical composition and 
suggested methods and materials for dye- 
ing are given, with indications of fastness 
properties to be expected. 

All trade names of materials are identi- 
fied by manufacturing company. Prod- 
ucts of General Dyestuff Company are 
identified and their uses suggested in con- 
nection with each operation. 

@ A new 6-page technical bulletin covering 
the complete current line of Munktells 
Filtering Papers is now available from E. 
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CORROSION-RESISTANT-SENSITIVE-CONVENIENT 
STAINLESS STEEL 
— Balance 


Provides Rapid, 
Accurate Weighing 


3 graduated 
scale levels 


Hard, Cobalite 
Knife Edges 


Grooved 
Agate Bearings 


CAPACITY lllg. 


(With extra weight 201 g.) 


SENSITIVITY 
0.01 g. or less 


4031. AUXILIARY WEIGHT. For use 
on the 100-gram notch of No 4030 Balance 
to increase weighing capacity from 111 
grams to 201 grams. This weight is 
matched to the balance with which it is to 
be used and should be ordered at the 
same time as the balance. Each, $1.50 
4030C. PLASTIC COVER, For No. 4030. 

ch, $1.10 


4039. TRIPLE-BEAM BALANCE, High 
Form. The balance is 13 inches long and 
11 inches high. The pan is 4 inches in 
diameter and removable, and the hanger 


is 10% inches high. Each $27.50 


W. M. WELCH SCIENTIFIC COMPANY 
DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880 
1515 Sedgwick Street, Dept. D-1 Chicago 10, Illinois, U. S. A. 

facturers of Scientific Instruments and Laboratory Apparatus 


Save Time... Effort... Steps... 


INTER-COM 
SYSTEM 


TALK/LISTEN 


The most convenient and efficient way to communicate between 

labs and offices is TALK-0. Simple to hook-up, simple to use... 

Person calling from any TALK-O Master station can talk, then 

listen by pressing same key; person called may answer from any 

where in room without interrupting his work. Any number from 

2 to 11 stations may be linked together for instant, private com- 
munication. No interference from lab equipment. TALK-0 stations 
are small, attractive and easily located. pit" 


WRITE FOR FULL DETAILS 


_ ROCHESTER SCIENTIFIC co. q 


38 SCIO STREET + ROCHESTER 1, NEW YORK 
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ELECTRIC FURNACES 


used for accurate ashing 
of dust samples from atomic tests 


by ATOMIC ENERGY COMMISSION 


Every day, more plants and laboratories are switching to TEMCO 
bench-type electric furnaces for precision results in process control, 
general lab work and heat treating ‘of small parts, tools, dies, etc. 
1500 Series shown above is one of eight different sizes available - - 
with either manual or electronic controls. Easy to install and oper- 
ate, economical. $55 to $507. Write for data and nearest dealer’s 
name. 
THERMO ELECTRIC MANUFACTURING CO. 
471 HUFF ST., DUBUQUE, IOWA 
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Ask us for others! 


DELTA CHEMICAL WORKS 


23 West 60th St. New York 23,N.Y. 
Telephone Plaza 7-6317 


recommend 


THE POLAROGRAPHIC METHOD OF ANALYSIS”... 


2nd Edition By OTTO H. MULLER, Associate Professor of Physiology, State 
University of New York Medical Center at Syracuse, Syracuse, N.Y. 


“The scope of the book may be judged from the titles of the 
eight chapters; Introduction and Review of Electro-analytical 
Methods; Apparatus; Fundamentals of Quantitative Analy- 
sis; Fundamentals of Qualitative Analysis; Polarometry; 
Recent Developments; Applications; Suggestions for Practi- 
cal Polarography. 

“The construction of a simple, flexible and inexpensive polaro- 
graph from materials readily available in every laboratory 
stockroom is fully described together with details of oper- 
ation. With this instrument, it is possible to perform any of 
the 26 illustrative experiments .....in the last six chapters. 
“Chapter V, which is completely new, deals with polarometric 
(amperometric) analysis and includes not only polarometric 
titration but also the more general subject of current-time 
curves obtained at constant applied potential and useful in 
studies of reaction kinetics, oxygen metabolism, etc. 

“In another new chapter, some of the more recent develop- 
ments such as differential, derivative and oscillographic 
polarography are discussed. Various electrodes other than 
the dropping mercury type are described together with their 
characteristics and applications. 

“To us it seems that the material in Chapters VII and VIII 
should be combined under the title of the latter, ‘Suggestions 
for Practical Polarography,’ for it is in these two chapters 


that there are presented many useful manipulative techniques 
and trouble shooting procedures which are very rarely found 


STON, PENNSYLVAN 


conveniently collected in one volume and which generally 


must be learned through more or less painful experience. 
Included are methods of measuring wave height and trans- 
lating it into units of concentration; criteria for the selection 
of supporting electrolytes; use of the compensator; deter- 
mination of half wave potential; pH measurement with the 
dropping mercury electrode; use of the literature; causes of 
erroneous results; and selection and calibration of electrode 
capillaries. An appendix lists useful data, buffer compositions 
and a brief bibliography of general polarographic texts and 
published bibliographies. A thorough index permits ready 
location of subject matter. 


“In speaking of apparatus, Dr. Miller makes a point which, 
in our opinion, has not been sufficiently emphasized previ- 
ously in spite of a considerable mention of it in the literature; 
very satisfactory polarographic analysis may be performed 
with a most simple apparatus .... . Clarification of this point 
should serve to expand the teaching and application of 
polarography. For those interested in familiarizing them- 
selves with the method, we recommend, ‘‘The Polarographic 
Method of Analysis’ as an excellent starting point.” 
SCIENTIFIC APPARATUS AND METHODS 


209 pp. illustrated $3.50 
CHEMICAL EDUCATION PUBLISHING CO. 
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H. Sargent & Co. The bulletin contains a 
specification sheet on the various grades of 
filler papers, including a table of physical 
specifications. One section is devoted to 
new papers designed for chromatographic 
and electrophoretic use. These papers 
were developed in cooperation with Tisel- 
ius and his associates and are made in ex- 
tremely pure qualities to obviate any need 
for prepurification treatment by the user. 
To obtain a copy, address; Dept JCE, 
E. H. Sargent & Co., 4647 W. Foster 
Avenue, Chicago 30, Illinois. 

e@ \ bulletin on the new model CRC 
Labwasher is offered by the Chemical 
Rubber Co., 2310 Superior Ave., Cleve- 
laid 14, Ohio. Complete specifications 
and prices on this new automatic labora- 
tory glassware washer are given as well as 
illustrations and descriptions of the various 
racks available. The bulletin shows how 
the Labwasher pays for itself by saving 
tine and by virtually eliminating the 
breakage of glassware. 

@ \ newly revised catalogue, ‘‘Products of 
The Dow Chemical Company,” providing 
an alphabetical listing of Dow chemicals, 
is announced. Prepared in brief form, the 
booklet is available upon request from 
Technical Service and Development, The 
Dow Chemical Company, Midland, Michi- 
gan. 

@ A new 8-page brochure listing fifty dif- 
ferent laboratory items made of poly- 
ethylene has just been announced by the 
Scientific Glass Apparatus Co. Inc., 
Bloomfield, New Jersey. Not only does 
the booklet include such standard items 
as narrow mouth bottles, beakers, fun- 
nels, tubing and sheeting, but hydrometer 
jars, test tubes, centrifuge tubes, spigots, 
line valves, graduated cylinders, bottle 
rests, bottle carriers, etc. For your free 
copy, write directly to the Scientific Glass 
Apparatus Co., Inc., Bloomfield, New 
Jersey. 


* The story of what goes on behind-the- 
scenes to bring that ‘quiet blue flame’’ to 
the gas burners of homes served by natural 
gas is told in an informative, non-technical 
filmstrip just released by the Educational 
Service Bureau of the American Gas As- 
sociation. 

Titled, ‘‘Natural Gas—Science Behind 
Your Burner” the 42-frame filmstrip in 
black-and-white was prepared with the 
assistance of science teachers for classroom 
presentation in Junior and Senior High 
Schools. It is made available, free of 
charge, for classroom showings in local 
schools by the local gas companies serving 
their communities. 

The filmstrip is accompanied by a com- 
plete Presentation Kit, including bulletin 
board charts, teachers’ material and in- 
structional material for distribution among 
individual students in each classroom. 

Orders for copies should be addressed to 

the American Gas Association, Educa- 
tioval Service Bureau, 420 Lexington 
Avenue, New York City. 
* Poor vocational guidance keeps many 
young people from taking advantage of 
humerous opportunities to become skilled 
workers and technicians, the National 
Manpower Council declared in announcing 
the recent publication of its study on 
skilled manpower. 


"For Scientists Everywhere" 


FRACTON 


A New Instrument 
For Analysis of 
Light Hydrocarbons 


2. to 3 Times Faster! 


For: 
NATURAL GAS 


GASOLINE PLANT 
GASES AND LIQUIDS 


REFINERY GASES 
CYCLING PLANT GASES 


LIQUEFIED PETROLEUM 
GASES 


SYNTHETIC RUBBER 
INTERMEDIATES 


PLASTIC INTERMEDIATES 
PETROCHEMICAL GASES 
and other light hydrocarbons 


THE FRACTON CUTS ANALYSIS TIME AND EXPENSE, 
IMPROVES ACCURACY AND IS EASIER FO OPERATE 


Request your 
Copy of 
FRACTON 
BOOKLET 
No. 82 


The Fracton separates, identifies, collects and 
measures the components and records the 
analytical data in fifty to seventy-five percent 
less time than former methods. Users get 
superior accuracy and reproducibility with 
this new improved and simplified instrument. 


@ TRADEMARK 


BURRELL CORPORATION 
2223 FIFTH AVENUE, PITTSBURGH 19, PENNSYLVANIA 


Manufacturers and Distributors of 
SCIENTIFIC APPARATUS and LABORATORY CHEMICALS 


Please mention CHEMICAL EDUCATION when writing to advertisers 
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NEW Electronic 
Controlled 
LAB MIXER 


Thyratron tubes on 
controller supply de- 
manded current by con- 


verting power in 
less to the 


drive. Chuck, shafts 
Complete with 9 ond 
ai en ished. Request 
F.O.B. Baltimore 


GERALD K. HELLER CO. 
3 N. Carey Street 
Baltimore 23, Md., U. S. A. 


About the most important years in this 
country’s chemical history....... 


The Life of Ira Remsen 
by Frederick H. Getman 
‘‘As a biography of a man important in the history of 
American Chemistry, Prof. Getman’s story is well and 


sympathetically told. He has had access to diaries 
— letters and family memorabilia which enabled 


im to write a book which students of chemical his- * 


tory and Remsen’s many friends will welcome. 


“But more than the life of a great chemist and teacher, 
the book is a condensed version of the most important years 
in this country’s chemical and chemical engineering his- 
tory. Dr. Remsen saw the collegiate idea change from 
the viewpoint of chemistry as just a part of a general 
cultural training to that where it was a science and 
taught as such. He saw the general acceptance by 
industry of the idea of the necessity of adoption of the 
most scientific methods possible. And it may be said 
that the growth of these ideas was in a large part due to 
the teachings of Dr. Remsen.” 

Chemical Engineering 


This story of the career of a leader in the establishment 
of sound scientific instruction in chemistry and chemi- 
cal research in America belongs in the library of every 
chemist and chemistry teacher. For the general reader 
who takes pleasures in coming into intimate contact 
with the lives of great people, it is a rewarding biogra- 
phy of a notable career. 


Handsomely bound, gold stamped, and illustrated with 
photographs. 


172 pages (posrParp) $3.50 
CHEMICAL EDUCATION PUBLICATIONS 


EASTON, PENNSYLVANIA 


Photometers 


Klett-Summersou 


No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 


KLETT SCIENTIFIC PRODUCTS 
ELECTROPHORESIS APPARATUS ¢ BIO COLORIMETERS 
GLASS ABSORPTION CELLS  COLORIMETER NEPHELOM- 
ETERS ¢ GLASS STANDARDS ¢ KLETT REAGENTS 


Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK, N. Y. 
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The Council’s latest study, entitled “A 
Policy for Skilled Manpower,’”’ was de- 
scribed in a progress report on the organi- 
zation’s first three-and-a-half years of 
work. During this period it has analyzed 
such critical manpower problems as stu- 
dent deferment, and the supply and 
utilization of scientific and professional 
manpower. 

The progress report, issued at Columbia 
University, declared that the Council’s 
latest study is the first thorough examina- 
tioa of the importance to the nation of 
skilled workers and technicians. Among 
otler aspects of the problem, the study 
considers how skilled workers are trained, 
thir role in the armed forces, and the ef- 
fec: of secondary education and vocational 
guidance on the nation’s future supply of 
skilled manpower. 

\Vhat are you doing to remedy this situa- 

tion? 
% Dr. Arthur E. Humphrey has been pre- 
sented with the Engineering Alumni 
Teaching Award for 1954 at the Univer- 
sity of Pennsylvania, where he is an assist- 
ant professor of chemical engineering. 

The award, established by the Engineer- 
ing Alumni Society at Pennsylvania, is 
made each year to a junior member of the 
engineering faculty who has displayed 
outstanding ability in teaching and re- 
search. 

If teaching is to compete with industry 
more such awards are needed. 

A radiation balance microcalorimeter re- 
cently developed by Dr. W. B. Mann of 
the National Bureau of Standards pre- 
cisely determines the emission rate of low- 
activity radioactive sources. The instru- 
ment does this by measuring the minute 
amounts of heat energy which accompany 
radioactive emission. The device is ex- 
tremely compact and requires a relatively 
short time to complete a determination. 
It can be used to determine the intensity 
of a single source or to compare two sources 
of nearly equivalent energy emission. 

* The development of high strength 
metal-to-metal adhesives in recent years 
has made possible an entirely different 
approach to the fabrication of metal air- 
craft structures. Certain economic struc- 
tural and weight-saving advantages of- 
fered by the substitution of adhesives for 
rivets have already been realized by 
several aircraft companies in the fabrica- 
tion of structural components, and the 
widespread adoption of this method in the 
future has become a definite possibility. 

The use of adhesives for bonding air- 
craft structural components is not new. 
During World War I casein was used in the 
gluing of wooden aircraft structures. 
The synthetic glues were used extensively 
for many all-wood and some wood-metal 
join's for aircraft in World War II. 
Finally, the development of high strength 
resi) and resin-rubber adhesives made 
possible the bonding of all-metal aircraft 
stru ‘tural components. 

T» secure a better understanding of the 
beh:vior of adhesive bonded aircraft 
structures, Wilhelmina D. Kroll and 
Leouard Mordfin of the National Bureau 
of Standards have conducted investiga- 
tions under the sponsorship of the National 
Advisory Committee for Aeronautics and 
the Navy Bureau of Aeronautics. 


American Made 


Polyethylene Ware 
for Every Laboratory Need ! 


Outside 

Diameters 

(in.) 

Top Bot. 

of of Stem 
Top stem stem Length Each Dozen 
The 3 $1.00 $10.00 
4 5/s 15/s 1.25 12.50 
1 31/s 1.50 15.00 


E36-851 FUNNELS 


CENTRIFUGE TUBES 
Full 15 ml. Capacity Guaranteed 


$17-024 Polyethylene Centrifuge Tubes 

$3.60 per dozen in one dozen lots... .$3.00 per 
dozen in one gross lots....$2.75 per dozen in 
five gross lots....$2.50 per dozen in ten gross 
lots. 


FUNNELS... 


Four sizes available 


In order to better serve you, E. Machlett & Son 
maintains a comprehensive line of polyethylene 
laboratory ware of all shapes and sizes at all 
times. While these handy expeditors possess 


all of the valuable features of polyethylene, they 

® 1 also are of superior quality—made by leading 
American manufacturers. So to equip your lab 

( with the finest in polyethylene—be it a 7” 
policeman or a 13 gallon jacketed carboy—con- 


tact E. Machlett & Son. We'll “fill the bill” 
ye promptly and reasonably. A special 4 page 


oS) illustrated booklet listing prices and dimensions 


of our line of polyethylene is available upon 
request. 
All Prices F.O.B. New York, N. Y. 


YorK 
2-331 
NEW JERSEY 
Elizabeth 4.1330 


220 EAST 23rd STREET «© NEW YORK 10, N. 
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APPARATUS 
EQUIPMENT 


CHEM ED BUYERS’ GUIDE 


CHEMICALS } 
SERVICES 


BRYDEN ROD CLAMPS 


Best for all 
Laboratory 
Purposes 


have no snagging ends. 


Brydens are available as: 


Write for FREE literature today 
CHANDLER & STEDMAN 


398 Newton St. Waltham 54, Massachusetts 


now: TRUS VISCOSITY (T-Tys)/D 
not ee T/D viscous behavior of: 
THIXOTROPIC, PLASTIC, 
PLASTICN DILATA NT AND EO- 
PEXIC FI.UIDS. 
known: rates of shear in sec-!. 
Tau: precisely determined at various 
rates of shear, in dynes/cm? 
send: sample fluid for a free Drage 
Rheogram. 
Literature and prices upon request for: 
DRAGE VISCOSTRUCTURE 
VISCOSTAT e VISCOTEMP e VISCOPRINT 


NOW OVER 5/00 
CHEMICALS 


Porphyrin 

Potassium Borofluoride 
Potassium Cobalticyanide 
Potassium Cobaltinitrite 
Potassium Columbate 
Potassium Gentisate 
Potassium Iodoplatinate 
Potassium Platinocyanide 
Potassium Selenocyanate 
Praseodymium Metal 
Praseodymium Oxide 
Pregnandiol Glucuronide 
Propamidine 

Propargyl! Alcohol 

®@ Propiolic Acid 

n-Propylglycine 

Propy Nitrate 

@ Prothrombin 

@ Protoporphyrin 

Ptyalin 

@ Pyocyanin Dihydrochloride 


ASK FOR OUR NEW 
COMPLETE CATALOGUE 


17 West 60th St. New York 23, N.Y 
Plara 7-817} 


THIOACETAMIDE, C.P. 


Thousands of other rare & fine organics. 
SEND FOR FREE 1955 CATALOG 


SODIUM TETRAPHENYLBORON, C.P. 


HAND TALLY COUNTER 


Counts up to 9999 at the 
touch of a finger . .. one 
knob resets to zero. Ac- 
curate, guaranteed, ideal 
for inventory, blood 
count, laboratoty use, 


K. & K. LABORATORIES 
29-46 NORTHERN BLVD. L.I.C. 1, N. Y. ARISTO IMPORT CO. 
630 Fifth Ave., N.Y. 20, N.Y. 
VARNITON PLASTIC PAINT 


SAFETY PIPETTE FILLER 
for Isotopes, Cyanides, Acids and other 
Dangerous Solutions with the new 


@ Avoids risky mouth 
; pipetting 


| © Measures precisely 
—to 0.01 cc. 


Quick complete 
control; 3 preci- 
sion agate ball 
valves 


© Holds set level in- 
efinitely 


@ Fits any pipette 
@ Simple to use 


only 6.90 each 


Money refunded within 10 days 
Instructions enclosed with each Propipette 


INSTRUMENTATION ASSOCIATES 
17 West 60th St., New York, N. ¥., Chrele 5-5591 


6 Varney St. 


Protects against concentrated acids, al- 
kalis and salt solutions. Resists glacial 
acetic acid. 
VARNITON SOLVENT PROOF PAINT 
Protects painted surfaces from spills of 
nearly all organic solvents. Gives water- 
proof surface. 
Write for literature—Dept. V 

THE VARNITON COMPANY 

DB. L , Calif. 


2,4 - Dinitrofuorobenzene 
Salts and Esters of all types 
Request Prices 
Write for complete catalog 


JASONOLS CHEMICAL CORPORATION 
825 East 42nd St., Brooklyn 10, N. Y. 


MAGNETIC $1995 
STIRRER 


No Chrome e No Gadgets © Strictly Utilitarian 
Alnico Magnet © Switch ©@ Metal Case 


JAMES INSTRUMENT COMPANY 
P.O. Box 757 Newark 1, N. J. 


Benzpyrene 
6-Chloropurine 
Diacetylaminofiuorene 
Pimelic Acid 


EDCAN LABORATORIES 
Box 489, South Norwalk, Conn. 


UNKNOWNS 


Qualitative Analysis Classes 
Micro-Beakers 


(plastic covers available) 
Sample Storage Sets 
Numbered Self-Adhesive Labels 


Write for details 


R. P. CARGILLE LABORATORIES, INC. 
New York 6, N. Y. 


117 Liberty Street 


CHEMICALS 
RA R 
NERALS 
“SCANDIUM PRODUCTION” 
Send for New Lists 


A. D. MACKAY, INC. 
198 Broadway, New York 38, N. Y. 


*|NEXPENSIVE 
*EFFECTIVE 
*PROFITABLE 


That’s what they say about 
Chem Ed Buyers’ Guide. 


POLARIMETER TUBES 
and ACCESSORIES for 
GENERAL POLARIMETRY 
INVERSION TESTS 
HIGH TEMPERATURE POLARIMETRY 
CONTINUOUS FLOW 
SEMI-MICRO POLARIMETRY 
MICRO POLARIMETRY 
QUARTZ CONTROL PLATES 
Write for new list PT-14 


O.C.RUDOLPH&SONS 


Manufacturers of 
Optical Research & Control Instruments 


P.O. BOX 446, CALDWELL, N. J. 


THE NATL. SOCIETY FOR CRIPPLED 
CHILDREN AND ADULTS, INC. 11 S. 
LASALLE STREET, CHICAGO 3, ILI. 


JOURNAL OF CHEMICAL EDUCATION, MARCH, 1955 
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) 4 will want to know more about the new 
aerodynamic guard bowl ventilating system— 
the new stainless steel interior — the stainless 
steel auxiliary cover that saves valuable bench 
space — the electric tachometer — the electric 
time clock — the unique air-filtering system— 
the spring-loaded hinge — the new vibration 
dampening system which results in smooth 


FOR THE 


The new INTERNATIONAL MODEL U is 
more than just a Centrifuge in a 
cabinet. International’s experienced 
engineering has produced a Centrifuge 
with years-ahead features and 
unmatched performance. 


operation without the “shaker” action of 
over-flexible mountings — the versatility of 84 
interchangeable accessory combinations. 

Let us tell you more about this completely 
new Centrifuge, handsomely designed to fit in 
with your wall counters and cabinets. Write 
for Bulletin J explaining all these features in 
detail. 


INTERNATIONAL EQUIPMENT COMPANY 


. 1284 SOLDIERS FIELD ROAD, BOSTON 35, MASS. 
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For CORROSIVE SYSTEMS 


FISHER Glass Stirrers 


your best source 
is your 
Fisher Catalog 


FISHER SCIENTIFIC 


Boston Cleveland Philadelphia Washington 
Buffalo Detroit Pittsburgh Montrea' 
Chicago New York St. Louis Toronto 


America’s Largest Manuf: Distrib of Laboratory Appli and Reagent Chemi-als 
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